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Calcium carbide (CaC2) has occupied an important position among different sources 
of ethylene (C2H4) for improving growth and yield of vegetables. Calcium carbide 
dependent C2H4 can cause noteworthy improvements in growth, yield and fruit 
quality of vegetables but its effect on physiological and morphological parameters of 
vegetables is completely concentration dependent. Under critical environmental 
conditions, an abrupt release of C2H4 from CaC2 can impede growth and yield of a 
crop as it initiates leaf, flower and fruit senescence and finally great loss of yields. 
However, CaC2 dependent released C2H4 can be more constructive and worthwhile 
for non-conventional production of vegetables if it is applied along with salicylic acid 
(SA). Salicylic acid not only impedes C2H4 biosynthesis but also plays a crucial role 
in plant physiology as a stress hormone. As comparative effects of C2H4 released 
from CaC2 and SA are not thoroughly investigated particularly for production of 
vegetables with improved quality, therefore, a series of laboratory, pot and field 
studies were conducted to scrutinize the effectiveness of CaC2 dependent C2H4 with 
and without application of SA for seed germination, physiological, morphological, 
yield and quality parameters of sweet pepper. Experiments were conducted in three 
sections. Section I, II and III consisted of four laboratory, three wire-house/pot and 
two field experiments, respectively. From first experiment of section-I, polyethylene 
and paint were selected as the most effective materials for coating CaC2. In second 
experiment of section-I, it was observed that CaC2 up to 14 mg plate
-1 
induced early 
seed germination with 100% germination rate and better seedling growth parameters 
but application of CaC2 ˃16 mg plate
-1
 inhibited seed germination and seedling 
growth parameters of sweet pepper. Similarly, results of third experiment of section-I 
revealed that SA concentration ≤0.4 mM can be used to improve germination 
percentage and seedling vigor of sweet pepper. In last experiment of section-I, it was 
noted that SA alleviated injurious effects of CaC2 with ˃16 mg plate
-1 
on seed 
germination and seedling growth parameters. In section-II, data revealed that 20 mg 
CaC2 kg
-1
 soil while 0.3 mM SA can be used for maximization of sweet pepper 
productivity. In last pot trial, effect of CaC2 with and without SA was investigated on 
growth, yield and fruit quality of sweet pepper under salinity stress. It was observed 
that detrimental effects of excessive C2H4 from CaC2 on physiology, photosynthesis, 
growth and yield of sweet pepper were mitigated by the foliar application of SA 
under saline conditions. On the basis of preliminary trials of section I and II, two field 
experiments were conducted on two different locations (section-III). Results of both 
field experiments showed that application of CaC2 along with foliar application of SA 
improved photosynthetic activity by 7-77%, plant water use and carboxylation 
efficiency by 10-211%, antioxidant and enzyme activities by 15-53% and finally fruit 
yield by 5-34% with a significant increase in fertilizer use efficiency compared to that 
of plants without SA and CaC2 application (control). Additionally, quality parameters 
related to chemical composition of sweet pepper fruits were also improved by the 
application of CaC2 with foliar application of SA. These parameters are very much 
required for improvement in shelf life. In short, results confirm the synergistic role of 
SA and CaC2 for improving physiology, growth, yield and quality of sweet pepper. 
Our results suggest that application of 200 mg plant
-1
 polyethylene coated CaC2 with 
foliar application 0.1 or 0.3 mM SA is relatively more economically beneficial and 
effective than application of 200 mg plant
-1
 polyethylene coated CaC2 without foliar 
application of SA. Moreover, results also indicated that SA treated plants were 





Sweet pepper (Capsicum annuum L.) is one of the highly remunerative vegetable 
cultivated in most parts of the world. It is also known as bell pepper, pepper or capsicum 
but, locally, is called as Shimla mirch. It belongs to the family Solanaceae. Its fruit is 
enriched with vitamin C and A. It is also excellent source of dietary fiber, vitamin B 
complex (thiamine, riboflavin, niacin, pantothenic acid and folate), vitamin E, vitamin K 
and mineral nutrients such as calcium, iron, magnesium, manganese, phosphate, 
potassium, sodium and zinc (Anonymous, 2014). Currently, it occupies a unique place 
among vegetables because of its delicate taste and pleasant flavor coupled with rich 
content of ascorbic acid and other vitamins and minerals. Sweet pepper provides not only 
mineral nutrients, fiber and vitamins but also extra income to small land holders. In 
Pakistan, small land holding farmers have an excellent opportunity to grow a variety of 
vegetables, particularly sweet pepper throughout the year due to climatic diversity. In 
Pakistan, area under pepper cultivation is 63.6 thousand hectares, while production is 
171.8 thousand tonnes (GOP, 2012). The average yield of pepper in Pakistan is about 2.7 
t ha
-1
 that is much lower than other developing countries (Ziaf et al., 2014). Even after the 
use of improved production technology, judicial use of fertilizers and selection of high 
yielding cultivars, still there is a wide gap between potential yield and farmer‟s obtained 
yield that is increasing with the passage of time. This gap can be fulfilled by the use of 
non-conventional way of crop production. So, there is a dire need to integrate 
unconventional approaches into conventional approaches. Among unconventional 
approaches, the use of phytohormones is getting popularity in modern agriculture (Ashraf 
et al., 2011; Ahmad et al., 2012; Kashif et al., 2012). 
Potent phytohormones playing an excellent role in modern agriculture are idole-3-
acetic acid (auxin), abscisic acid, ethylene, jasmonic acid, brassinolide (brassinosteriod), 
gibberellic acid, salicylic acid and zeatin (cytokinin) (Gray, 2004; Ashraf et al., 2011). 
These phytohormones affect different aspects of plant physiology and growth. After deep 
studies of their physiological and morphological roles in plant growth and yield 
promotion, some phytohormones can be used for filling up gap generated between 
potential and obtained yield of sweet pepper. Furthermore, the use of phytohormones has 
become a key tool of today agriculture so as to accelerate food crop productivity (Ashraf 
et al., 2011). By getting knowledge of their metabolic and transport pathways, new 
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opportunities can be created to manipulate regulator levels in such a way that higher 
yields can be achieved (Ashraf et al., 2011). 
Among different phytohormones, ethylene (C2H4) is of great concerned as it plays 
a very crucial role in morphology as well as physiology of a plant (Seneweera et al., 
2003). It breaks seed dormancy (Black et al., 1986), initiates early seed germination 
(Bebawi and Eplee, 1986) and stimulates adventitious root emergence (Liu et al., 1990; 
Pan et al., 2002; Steffens et al., 2005). It is a ripening hormone as it regulates fruit 
ripening processes such as fruit color, total soluble solids, total titrable acidity etc. 
(Alexander and Gierson, 2002, Siddiq, 2012). It also induces a controlled cell death of 
spoiled cells. It is a core hormone that is responsible for flower, fruit and leaf senescence 
or abscission in plants. It is also a basic component of the primary signaling mechanism 
in plants (Chang, 2003) and signals for activating defense mechanism whenever plants go 
through abiotic and biotic stresses (Morgan and Dew, 1997). It encourages sex expression 
in member of family Cucurbitaceae and precludes lodging in cereal crops. Additionally, it 
stimulates horizontal plant growth in coordinating with auxin (Mattoo and Suttle, 1991).  
The gaseous nature of ethylene restricted its exogenous use of agricultural 
productivity in early times, but its exogenous use got popularity after the formulation of 
ethylene releasing products such as reptrol, ethrel, ethephon and coated calcium carbide 
(CaC2) by the scientists. Several studies were conducted and a record rise in crop yields, 
particularly of vegetables was reported during the last decade by the usage of these 
products. Ethephon treated tomato plants produced 70% more tomatoes compared to 
untreated ones (Yang and Hoffman, 1988). Similarly, yield of tubers predominantly of 
potatoes (Bibik et al., 1995) was improved by 50% because of the use of reptrol. 
Recently, there are reports that CaC2 coated with different coating materials caused 30 to 
70% increase in yields of tomatoes (Siddiq et al., 2012; Yaseen et al., 2012), cucumber 
(Shakir et al., 2012, Yaseen et al., 2012), okra (Kashif et al., 2008, 2012) and pepper 
yield (Aslam et al., 2012). All these facts suggest that exogenous C2H4 is very beneficial 
and productive for improving growth and yield of crops particularly of vegetables.  
Calcium carbide is comparatively more efficient and economical source of 
exogenous C2H4 due to its dual action (Freney et al., 2000; Ahmad et al., 2009). It 
releases two gases in soil, acetylene (C2H2) and ethylene (C2H4) (Clardi and Klee, 2001; 
Ahmad et al., 2009). Acetylene is an eminent nitrification inhibitor (Hynes and Knowles, 
1978; Herrmann et al., 2007) as well as denitrification inhibitor (Hyman and Wood, 1985; 




 oxidation irreversibly by the reaction of C2H2 with ammonia-
monooxygenase (Walter et al., 1979; Berg et al. 1982; Freney et al., 2000) and improves 
nitrogen use efficiency (NUE). Calcium carbide based C2H4 reaches to plants at a slow 
but steady rate and is reported more effective among other exogenous C2H4 sources.  
It has been proven that maintenance of C2H4 at its biologically active 
concentration is compulsory for optimum growth and yield of crops as its physiological 
role in different aspects of plants cannot also be excluded. Previous and recent studies 
have compelled to use exogenous C2H4 for better crop productivity. But, due to 
unexpected environmental changes, it is requisite to limit or inhibit endogenous C2H4 
biosynthesis or maintain C2H4 at biologically active concentration for making exogenous 
C2H4 more lucrative for agriculture (Arshad and Frankenberger, 2002). By understanding 
physiological pathways of ethylene and ethylene inhibitors, this issue can be sorted out 
definitely and the use of CaC2 can be made more effective, productive and profitable. 
Additionally, the use of CaC2 in problematic soils can also be made possible. Therefore, 
we hypothesized that by appropriate use of CaC2 and some C2H4 inhibitor, the gap 
between potential yield and obtained yield of sweet pepper can be slashed as 
consequences of improvements in different physiological and morphological 
characteristics of sweet pepper.  
Salicylic acid (SA) is well documented to inhibit biosynthesis of endogenous 
C2H4. It suppresses biosynthesis of C2H4 either due to inhibition of ethylene forming 
enzyme (Mattoo and Suttle, 1991; Yang and Hoffman, 1984) or increasing polyamine 
contents (Freschi, 2013), supermidine and spermine (Lieberman, 1979). Polyamines, 
supermidine and spermine accumulation hinders the ACC conversion into C2H4 as these 
as well as endogenous C2H4 share S-adenosylmethionine (SAM) as a common by product 
(Yang and Hoffman, 1984; Mattoo and Aharoni, 1988). The inhibitory action of SA is 
most closely resembled with that of dinitrophenol, a known inhibitor of ethylene forming 
enzyme (Leslie and Romani, 1986). However, inhibition is concentration dependent.  
Salicylic acid not only inhibits ethylene biosynthesis but also works as plant 
growth regulator (Raskin, 1992, 1995; Ozeker, 2005; Rivas-San-Vicente and Plasencia, 
2011). Exogenous application of SA influences a range of diverse processes in plants, 
including seed germination (Korkmaz, 2005), stomatal closure, ion uptake and transport 
(Gunes et al., 2005), membrane permeability (Barkosky and Einhellig, 1993) and 
photosynthetic and growth rate (Khan et al., 2003). Moreover, it is an important molecule 
that signals for biosynthesis of different polyamines particularly of putrescine and 
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spermine to mitigate stress outcomes on yields. Its exogenous application induces growth 
promoting and protective effects against abiotic stresses and thus avoids deteriorating 
effects of C2H4 on non-climatic fruits like sweet pepper (Young, 1991; Wang et al., 
2010). Most recently, lots of studies on SA as plant growth regulator have been reported 
(Quiroz-Figueroa et al., 2001; Choudhury and Panda, 2004; Shahba et al., 2010; Hosseini 
et al., 2011; Anwar et al., 2013). Seed priming or exogenous application of SA develops 
resistance in plants against biotic and abiotic stresses by activating systemic acquired 
resistance (SAR) mechanism (Lee and Park, 2010; Raskin, 1992; Klessig and Malamy, 
1994; Conrath et al., 1995). Keeping these facts in mind, the major objectives of PhD 
project were: 
 To evaluate the efficacy of calcium carbide as ethylene releasing compound on some 
morphological and physiological characteristics of sweet pepper 
 To select the best dose of salicylic acid that can promote the efficacy of applied 
calcium carbide for non-conventional production of sweet pepper 
 To evaluate the cost effectiveness of application of calcium carbide and salicylic acid 
for non-conventional production of sweet pepper under tunnel 
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CHAPTER 2 
REVIEW OF LITRATURE 
 
Among different reported phytohormones, ethylene and salicylic acid are effective 
for improving different physiological and morphological characteristics, growth and yield 
of plants. Both plant growth regulators are beneficial to seed germinating under stress 
conditions by increasing nutrient reserves through increased physiological activities and 
root proliferation. Overview of some earlier and recent studies on exogenous use of SA 
and ethylene for improving seed germination, seedling growth, overall growth and yields 
of different crops have been given below: 
2.1 Ethylene as a phytohormone 
The growth and development of higher plants, from the earliest to the most 
advanced stages of the life cycle, are strictly regulated by phytohormones (Fluhr and 
Mattoo, 1996).  Ethylene is one of the most important phytohormones (Fluhr and Mattoo, 
1996; Tan et al., 2012). It regulates a number of physiological and developmental events 
in plants (Binder, 2008). It is involved in dormancy breakage (Esashi et al., 1990), seed 
germination, flowering (Liu and Chang, 2011), maturation, adventitious root formation 
(Zimmerman and Hitchcock, 1935; Pan et al., 2002), fruit ripening (Yang and Hoffman, 
1984) and senescence (Mattoo and Aharoni, 1988).  
 
Figure 2.1 Order of action of components of the ethylene response in plants 
 
(The pathway was established by double-mutant analysis. EIL3 is homologous to EIN3, EIL1, and EIL2; 
however, it has not yet been shown to be functional in ethylene signal transduction. The position of 
AIN1/EIN5, EIN6, and EIN7 in the pathway is unclear. AUX1, AXR1, AXR2, EIR1, and HLS1 control a 
subset of ethylene responses and may act in parallel to the response pathway defined by the ETR1, CTR1, 
and EIN2 genes.)  
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Ethylene plays an important role in coordinating internal and external cues to 
regulate plant growth and development as well as several stress responses (Guo and 
Ecker, 2004; Benavente and Alonso, 2006). Therefore, it is also regarded as a stress 
hormone (Morgan and Dew, 1997). It regulates plant growth in responses to biotic stress 
such as pathogen attack or abiotic stresses such as wounding, ozone and salt (Carmona 
and Murdoch, 1995; Vahala et al., 2003; Cao et al., 2007; Wang et al., 2010). It is also 
involved in signaling of ETR1 and EIN2 (Figure 2.2) which is two well-characterized 
ethylene signaling molecules (Cao et al., 2007).  
 
Figure 2.2 Model of ethylene signaling (Modified from Ju et al., 2012). 
  
2.2 Use of exogenous ethylene for improving seed germination 
In agriculture, success or failure in crop production mostly relates to rapid and 
successful seed germination and healthy and vigorous seedlings. Several physiological 
changes undergoes within the seeds that prevent seeds from growing under unfavorable 
conditions (Mahmood et al., 2002, 2010). But some seeds fail to break dormancy even 
under normal conditions. This leads to late and poor seed germination. This issue is of 
great concern when off-season vegetables have to grow. Thus, seed dormancy is 
considered one of the biggest reasons of poor seedling vigor and crop stand. Ethylene is 
prerequisites for breaking primary dormancy of different seeds (Matilla, 2000). Figures 
2.3 and 2.4 explore the ethylene role in seed dormancy. Some seeds do not germinate and 
become persistent to dormancy whenever their embryonic axis fails to  
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Figure 2.3 Model for interactions of ethylene with abscisic acid and nitric oxide signaling 
pathways for regulation of seed germination and dormancy (Arc et al., 2013) 
 
(This scheme is based on genetic analyses, microarray data, and physiological studies on seed 
responsiveness to ABA, ethylene, or NO. ABA binding to PYR/PYL/RCAR receptor induces the 
formation of a protein complex with PP2C and the inhibition of phosphatase activity. In the 
absence of ABA, PP2C dephosphorylate SnRK2. When ABA is present, PP2C binding to the 
receptor releases inhibition of SnRK2 activity, which can phosphorylate downstream targets, 
including ABI5-related transcription factors. Interactions between ABI3 and ABI5 mediate 
transcriptional regulation of ABA-responsive genes. Ethylene positively regulates its own 
biosynthesis, by acting on ACC synthesis catalyzed by ACS and subsequent conversion to ethylene 
by ACO. This last step is also subject to ABA inhibition. Ethylene is perceived by receptors (among 
which ETR1) located in the endoplasmic reticulum; its binding leads to the deactivation of the 
receptors that become enable to recruit CTR1. Release of CTR1 inhibition allows EIN2 to act as a 
positive regulator of ethylene signaling pathway. EIN2 acts upstream of nuclear transcription 
factors, such as EIN3, EILs, and ERBPs/ERFs. Ethylene down-regulates ABA accumulation by 
both inhibiting its synthesis and promoting its inactivation, and also negatively regulates ABA 
signaling. In germinating seeds, NO enhances ABA catabolism and may also negatively regulate 
ABA synthesis and perception. Moreover, NO promotes both ethylene synthesis and signaling 
pathway. ABA, abscisic acid; ABI3, ABA insensitive3; ABI5, ABA insensitive5; ACC, 1-
aminocyclopropane 1-carboxylic acid; ACO, ACC oxidase; ACS, ACC synthase; CTR1, constitutive 
triple response 1; CYP707A, ABA-8′-hydroxylase; EIL, EIN3-like; EIN, ethylene-insensitive; 
EREBP, ethylene-responsive element binding protein; ERF, ethylene response factor; Et, 
ethylene; ETR1, ethylene receptor1; NCED, 9-cis-epoxycarotenoid dioxygenase; NO, nitric oxide; 
PP2C, clade A type 2C protein phosphatases; PYR/PYL/RCAR, pyrabactin resistance1/PYR1-
like/regulatory components of ABA receptor; SnRK2, group III sucrose non-fermenting-1-related 








Figure 2.4 Working model for the role of ethylene in germination of seeds (modified 
from Kucera et al., 2005) 
Class I ß-1, 3-glucanase (ßGLU I) accumulates just prior to endosperm rupture and is proposed to promote 
radicle protrusion by weakening of the endosperm. Plant hormones and environmental factors alter the 
germination process and in strict correlation with this either promote (+) or inhibit (-) ßGLU I induction. 




produce necessary C2H4 for breaking dormancy. Such seeds do not germinate until 
biosynthesis of C2H4 starts.  
The requirement of C2H4 for breaking dormancy of such seeds has been verified 
by the use of C2H4 biosynthesis inhibitors and C2H4 releasing compounds (Matilla, 2000; 
Kepczynski et al., 2003). The involvement of C2H4 in dormancy breakage is also reported 
by Brono and Taylor (1975) and Rock and Quatrano (1995). However, its effectiveness 
for dormancy breakage is dependent on its biological active concentration. Its biological 
active concentration decides whether it can break dormancy or not (Machabée and Saini, 
1991; Matilla, 2000). Literature on use of exogenous C2H4 for dormancy breakage points 
out that the most of dormant seeds do not germinate unless seeds get 0.1 to 200 µL C2H4 
for breaking seed dormancy (Zimmerman and Hitchcock, 1935; Gallardo et at., 1992, 
1994; Carmona and Murdoch, 1995). 
The use of C2H4 for breaking seed dormancy is not a new approach. In past, 
exogenous C2H4 was also reported to break dormancy and speed up germination rate in 
cocklebur (Xanthium pennsylvanicum), red root pigweed (Amaranthus retroflexus) 
(Egley, 1980; Schonbeck and Egley, 1981), aged Striga lutea (Egley and Dale, 1970) and 
aged Brassica napus seeds. Esashi et al. (1990) also reported that exogenous C2H4 
boosted the germination percentage even more than anaerobiosis. Correspondingly, 
Schonbeck and Egley (1981) also described that exogenous C2H4 improved seed 
germination of red root pigweed seed but the effect was found temperature dependent.  
In 1975, Esashi and Katoh (1975) pointed out C2H4 binding essential for seeds of 
many species to disrupt dormancy or stimulate germination. Adkins and Ross (1981) also 
confirmed this point. Due to active role of C2H4 in plant physiology, the researchers 
developed ethephon (2-chloroethylphosphonic acid) to promote C2H4 role in agriculture. 
Numerous studies have exposed notable enhancements in germination rate and seedling 
vigor on the application of ethephon (Ketring and Melouk, 1982; Black et al., 1986; 
Esashi et al., 1990; Corbineau and Come, 1995). Its application improved Echinacea 
angustifolia seeds germination up to 90% (Feghahati and Reese, 1994). It was also found 
to break Echinacea seed dormancy. Sari et al. (2001) and Qu et al. (2004) noticed an 
increase in germination rates of E. angustifolia and E. pallida seeds on treating with 
ethephon. They informed that exogenous C2H4 substituted chilling technique for breaking 
E. angustifolia and E. pallida seeds dormancy. Currently, Kepczynski and Sznigirappi 
(2013) described that ethephon treated dormant seeds geminated earlier than untreated 
seeds. 
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It is believed that use of exogenous C2H4 is essential for seed breakage since 
recently reported work on exogenous C2H4 have also explored C2H4 role as signaling 
agent during germination. In recent past, Baskin et al. (2003) discovered that C2H4 signals 
whether water is available or not for seed germination. Their work also suggests that the 
phenomenon of germination of Schoenoplectus hallii seeds only in some wet years is 
connected with C2H4 signaling for water availability. Qu et al. (2004) also reported 
signaling role of C2H4 for the presence or absence of light during germination. Seeds of 
Echinacea angustifolia DC and Echinacea pallida (Nutt.) treated with 1 mM ethephon 
showed increase in germination and seedling growth compared to untreated seeds in light 
and dark. Their findings also showed that ethephon promoted E. angustifolia and E. 
pallida seed germination even in darkness due to C2H4 signaling mechanism. Although, 
seeds undergo many physiological changes for successful crop stand, but the classical 
triple response plays a vital role in this sense. Arshad and Frankenberger (2002) studied 
the reason of classical triple response in etiolated pea seedlings and finally concluded that 
this phenomenon was just because of methionine dependent C2H4.  
Exogenous C2H4 efficiently enhanced germination of Cicer arietinum seeds 
(Gallardo et al., 1994), okra seeds (Kashif et al., 2008), tomato seeds (Siddiq, 2012) and 
other vegetable seeds (Yaseen et al., 2012). All studies suggest an increase in seed 
germination and seedling vigor due to exogenous C2H4. However, these effects depend on 
C2H4 exposure time, application method, C2H4 concentration and C2H4 source. 
Furthermore, these effects also differ with variations in environmental conditions and 
type of genotype (Schonbeck and Egley, 1981). Overall, it can be concluded that C2H4 is 
crucial for breaking dormancy of seeds (Gallardo et al., 1994).  
2.3 Calcium carbide as a potent exogenous source of ethylene 
When calcium carbide (CaC2) comes in contact with moisture in soil, it releases 
acetylene (C2H2) that is slowly converted into C2H4 by microbial activity. The suggested 
reaction is given below:   
 
Acetylene released from CaC2 not only provides ethylene to plant but also acts as 
nitrification as well as a denitrification inhibitor (Banerjee and Moiser, 1989). It hinders 
Nitrosomonas activity and prolongs NH4
+
 existence in soil (Bronson and Mosier, 1991) 
whereas C2H4 works as a phytohormone. Calcium carbide is more effective than other 
Acetylene Ethylene 
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exogenous sources due to its dual action and economical cost (Siddiq et al., 2012). Some 
important literature regarding CaC2 use for improving plant growth is reviewed below: 
2.4 Calcium carbide as an inhibitor of oxidation of ammonium 
Calcium carbide dependent C2H2 is well known as a nitrification inhibitor 
(Banerjee and Moiser, 1989; Abbasi and Manzoor, 2013). It inhibits the activity of 
ammonia-oxidizing enzyme involved in the nitrification (Porter, 1992; Chen et al., 1994), 
resulting in inhibition of nitrification and denitrification and amplified N use efficiency 
(Sahrawat et al., 1987; Keerthisinghe et al., 1996). It inhibits oxidation of NH4
+
 in soil by 
blocking Nitrosomonas activity (Bronson and Mosier, 1991).  
Acetylene is considered as mechanism-based inhibitor (Hyman and Wood, 1985). 
It inhibits NH4
+
 oxidation irreversibly by reacting with ammonia-monooxygenase (Berg 
et al. 1982, Walter et al., 1979; Freney et al., 2000). The product formed by 
monooxygenase activity is a highly reactive unsaturated epoxide with a half-life such that 
it covalently binds only to the protein catalyzing the oxidation. Due to its mechanism-
based inhibition, C2H2 causes irreversible damage to ammonium oxidase activity i.e. loss 
of enzyme for Nitrosomonas (Hyman and Wood, 1985). Besides nitrification, it also 
inhibits the final step in denitrification. Due to nitrification and denitrification inhibiting 






 to N2O and increases 
recovery of N fertilizers in crops with proportionate decrease in loss of N from the soil 
(Bronson and Mosier, 1991; Freney et al., 1992). Walter et al. (1979) reported complete 
inhibition of nitrification up to 8 to 10 day period on exposure of 0.1% (v/v) C2H2. Later, 
Berg et al. (1982) also observed this phenomenon due to C2H2 but at 10 Pa partial 
pressure of C2H2. Sahrawat et al. (1987) also reported that 0.1% or 1% (v/v) C2H2 in flask 
atmosphere was a very effective inhibitor in silt loam and organic soils. They reported 
that C2H2 was more effective than nitrapyrin to inhibit nitrification in organic soil. 
Calcium carbide is considered an excellent source of C2H2 all over the world. In 
1989, Banerjee and Mosier reported that encapsulated CaC2 inhibited nitrification and 
reduced nitrous oxide fluxes in flooded soils. Smith et al. (1993) also reported 
improvements in nitrogen use efficiency (NUE) by the use of wax coated CaC2. They 
used 
15
N labelled urea and unlabelled urea to investigate nitrification inhibition due to 
wax coated CaC2 dependent released C2H2. Finally, they pointed out that wax coated 
CaC2 effectively inhibited nitrification in both labelled and unlabelled N. They found 
minimum NO3
-1
 contents in wax coated CaC2 treatments while maximum in treatments 
without CaC2 after 19 days of sowing. They got net mineralization of labelled and 
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unlabelled N from organic N pool in CaC2 plots that resulted in the accumulation of both 
unlabelled and labelled N in wheat tops. Freney and his coworkers (1992) had also found 
46% greater recovery of applied N in wheat harvest due to wax coated CaC2 while 
Bronson and Mosier (1991) reported 47-71% decrease in N2O emission from CaC2 
treated fertilized corn plots than in the untreated  plots.  
Later on, Freney and his coworkers (2000) reported that wax coated calcium 




 to greatest extent 
among all tested matrices in a fine textured grey clay until day 90, and considerably 
slowed the oxidation to day 178. They further found nitrification inhibition in in fields of 
irrigated wheat, maize, cotton, and flooded rice on the application of wax coated CaC2. 
Similarly, Keerthisinghe et al. (1996) and Randall et al. (2001) reported effectiveness of 
coated CaC2 as nitrification inhibitor under both flooded and non-flooded soil conditions. 
However, Bandyopadhyay and Sarkar (2005) verified it by using 
15
N in flooded rice. 
Recently, Herrmann et al. (2007) also verified complete nitrification inhibition due to 
C2H2 by using 
15
N.  Kashif et al. (2007) and Yaseen et al. (2010) tested its potential as 
nitrification inhibitor in field trials.  
Type of coating materials on CaC2 is of great importance. The coating material 
that releases acetylene slowly from coated CaC2 is considered more efficient and 
effective. For example, among different coating materials, gelatin capsule coated CaC2 
resulted in higher N recovery in rice and wheat cropping system (Muromtsev et al. 1995). 
This aspect was also explored by Yaseen et al. (2006, 2010) and Kashif et al. (2007). 
Furthermore, Ahmad et al. (2009) monitored C2H2 released from different CaC2 
formulation and found encapsulated CaC2 (ECC) most effective for nitrification inhibition 
as pointed out that ECC reduced oxidation of NH4
+
 up to 82%. 
Calcium carbide effectiveness for improving yield of crops is dependent rate, type 
of coating and C2H4 biosynthesis. If the coating material ruptures or fails or biosynthesis 
of endogenous C2H4 arise under any stress, objective of higher yield through non-
conventional approach may be lost. Record increases in yield as consequences of 
exogenous C2H4 of the past are possible if there is no abiotic or biotic stress or no failure 
of coating materials. Whenever plants suffer from some stress, concentration of 
endogenous C2H4 rises because of rapid biologically conversion of 1-aminocyclopropane 
1-carboxylic acid (ACC) into C2H4 and plants indicate detrimental effects of ethylene. 
Similarly, if there is excessive release of C2H2 from CaC2 either due to failure of the 
coating or overdose of CaC2, plants also shows the detrimental effects of ethylene. Under 
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diverse and unexpected climatic changes, it is not easy to maintain C2H4 at biologically 
active concentration (Petruzzelli et al., 2000; Martinez et al., 2001). Therefore, due to 
environmental stress or over release of C2H2 from CaC2, C2H4 concentration dramatically 
increases and encourages its injurious effects on plant growth, such as speeding up 
senescence, deterioration of fruit quality, loss of chlorophyll, sprouting of tuber crops like 
potato and abscission of leaves and flower etc (Ecker and Davis, 1987; Nyström, 2005). 
Although, all injurious effects are of key importance, but senescence is of great threat as 
it is a root cause of huge losses of fruits and vegetables annually. 
2.5 Calcium carbide as a plant growth regulator 
Calcium carbide has recently been reported to increase the concentration of the 
plant hormone C2H4 in soil air as a result of microbial reduction of C2H2 into C2H4 
(Arshad and Frankenberger, 2002). Yaseen et al. (2006) and Ahmad et al. (2009) 
evaluated the microbial influence on the release of C2H2 and C2H4 in soil amended with 
ECC by using gas chromatography. They reported that under non-sterilized conditions 
ECC produced 542.1 µmol of C2H2 kg
-1
 soil over a period of 60 days while under 
sterilized conditions, 796.5 µmol C2H2 kg
-1
 soil was produced over a period of 60 days. 
Under non-sterilized conditions C2H2 was reduced gradually to C2H4 over a period of 
time and 44.8 µmol of C2H4 were recorded on the 60
th
 day of the incubation, however, 
under sterilized conditions no C2H4 was observed. This implies that the conversion of 
C2H2 to C2H4 is a strictly biological process as no C2H4 was detected under sterilized 
conditions.  
Calcium carbide improved seed germination rate of different seeds predominantly 
of tomato (Siddiq et al., 2009, 2012; Yaseen et al., 2012), okra (Kashif et al., 2012), 
sweet pepper (Aslam et al., 2012), cucumber (Yaseen et al., 2012) and wheat (Ahmad et 
al., 2012). Seeds treated with coated CaC2 germinated much earlier than the untreated 
seeds. Moreover, CaC2 dependent release C2H4 effectively induced classical triple 
response in Pisum sativum seedlings (Khalid et al., 2006). Siddiq et al. (2012) reported 
that seeds of all tomato genotypes treated with CaC2 germinated earlier than untreated 
and led to maximum seed germination rate. Similarly, Yaseen et al. (2012) reported 10 to 
80% increase in germination of tomato, cucumber and okra seeds on the application of 
coated CaC2. Similar findings were also reported by different scientists who used CaC2 as 
exogenous source of C2H4 for improving seed germination. However, improvements in 
seed germination were CaC2 dose dependent.  
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Reptrol is a calcium carbide based C2H4 releasing product. On its application,          
25-80% more tubers with 29-121% more tuber yield in different potato cultivars than 
control was observed by Bibik et al. (1995) whereas 16-38% increase in Cucumis sativus 
yield compared to control was reported by Muromtsev et al. (1995). Recently, Iqbal et al. 
(2011) reported that ethephon application at each level of N increased C2H4 which 
increased photosynthesis via its effect on the photosynthetic machinery and effects on 
stomatal conductance. They found more nitrogen use efficiency (NUE) in plants treated 
with ethephon compared to ethephon untreated plants.  
Application of CaC2 is reported to promote different growth parameters and yield 
of crops (Muromtsev et al., 1991; Mahmoud et al., 2012; Siddiq et al., 2012). Muromtsev 
et al. (1991) reported 49% increase in Citrus unsbiu yield due to the application of 150 kg 
ha
-1 
CaC2. Furthermore, Muromtsev et al. (1988) reported 35-50% more tomato weight 
than control on soil application of CaC2 based formulation as a result of notable variations 
in physiological, morphological and quality components. Similarly, Saleem et al. (2002) 
when they applied 90 kg CaC2 ha
-1
 also observed increase in different yield attributes and 
yield of peas. Their results were similar to findings of Muromtsev et al. (1988).  
Ahmad et al. (2004) also believes in miracle effects of CaC2 based C2H4 for 
narrowing down the gap between potential and actual yield of crops. Work of Yaseen et 
al. (2005) additionally makes it more comprehensive. They reported 20% more 
production of paddy as consequences of improvements in growth on CaC2 application. 
Next year, Yaseen et al. (2006) furthermore reported up to 37% increase in yield but for 
wheat on the application of CaC2. Nearly 39% more seed cotton due to 30 mg 
encapsulated CaC2 (ECC) kg
-1
 soil have also been reported by Yaseen et al. (2006). 
Moreover, this dose of CaC2 has been reported to improve growth as well as yield of 
wheat with the significant increase in nitrogen use efficiency (NUE), (Mahmood et al., 
2009).  
It is concluded that calcium carbide dependent released C2H4 improves growth and 
yield by affecting photosynthetic activity and NUE. Ahmad et al. (2012) reported 
substantial elevation in net photosynthesis, relative leaf water content, growth and yield 
of wheat with ECC over control. The application of 15 and 30 mg ECC kg
-1
 soil 
effectively improved protein content of wheat leaves from 46 to 60% compared to 
untreated wheat. Parallel results were also reported by Siddiq et al. (2012) for tomato, 
however, response of tomato to CaC2 differ from tomato genotype to genotype. Further, 
Kashif et al. (2012) observed that coated CaC2 contributed about 27% increase in green 
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pod yield in okra when added with N fertilizer over control. All these findings impose to 
use CaC2 as an effective source of exogenous ethylene and acetylene. 
2.6 Cautions associated with the use of calcium carbide 
Coating on CaC2 is a key factor for controlled release of C2H2 and C2H4 from 
CaC2.  If coating becomes ineffective or rupture due to some environmental factors, there 
will be sudden or rapid emission of C2H2 leading to increase in concentration of C2H4 up 
to unproductive levels. Moreover, it is also reported that C2H2 also induces C2H4 response 
in plants when its concentration is ≥ 280µL L-1. Acetylene reaching at concentration ˃280 
µL L
-1
 can negatively affect plant growth and make use of CaC2 unproductive in the 
presence of excessive biosynthesis of C2H4 from ACC. All those researchers who used 
CaC2 as plant growth regulator have reported reduction in growth and yield at high dose 
of CaC2 due to over release of C2H4 or might be due unchecked excessive biosynthesis of 
C2H4. Therefore, it can be concluded that detrimental effects of overuse of CaC2 even 
optimum dose of CaC2 can become more injurious if the biosynthesis of C2H4 rises due to 
some stress. This indicates that without regulating biosynthesis of C2H4 within the plants 
tissues, the use of CaC2 as a phytohormone cannot be productive. Consequently, to make 
CaC2 more effective and profitable non-conventional approach, it is necessary to govern 
or limit the biosynthesis of endogenous C2H4 even after selection of suitable coating 
material for coating CaC2. This objective can be achieved by using some inhibitor of 
C2H2 biosynthesis such as SA along with CaC2. 
2.7 Salicylic acid as an ethylene biosynthesis inhibitor 
Salicylic acid not only influences a wide variety of biological processes 
(Hatamzadeh et al., 2012), but also has strong ability to inhibit conversion of ACC into 
C2H4. In 1988, Leslie and Romani (1988) reported a significant decrease in C2H4 
biosynthesis in pear cells after the addition of SA. Leslie and Romani (1988) stated that 
ACC (0.10 mM) failed to convert into endogenous C2H4 when 0.050 mM SA was added. 
They suggested this inhibition due to inhibition of ethylene forming enzyme (EFE), an 
assumed terminal enzyme in C2H4 biosynthesis. They compared C2H4 inhibitory ability of 
SA with well reputed C2H4 inhibitors such as cobalt (Co) (a metallic ion), n-propyl gallate 
(a free radical scavenger) and dinitrophenol (an uncoupler). They found that effectiveness 
of SA to inhibit C2H4biosynthesis was equivalent or superior to all tested C2H4 inhibitors. 
However, inhibition of C2H4 biosynthesis depends on the intervals of application, 
concentration of SA, temperature and pH. For example, SA inhibited C2H4 biosynthesis 
than Co more effectively when SA applied after short intervals of several hours but the 
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effect was reversed when SA was applied after longer intervals (Leslie and Romani, 
1988). Roustan et al. (1990) also reported inhibition of biosynthesis of C2H4 after the 
application of SA. Moreover, the findings of Fan et al. (1998) also suggested SA 
inhibition of ACC oxidase activity. They, furthermore, reported that this inhibition was 
entirely concentration dependent. 
There is different point of view of researchers about the inhibition of ethylene 
biosynthesis by SA. Some believed that this conversion of ACC to C2H4 is regulated by 
ethylene forming enzyme (EFE) and ACC synthase (Mattoo and Suttle, 1991; Yang and 
Hoffman, 1984). Exogenously applied SA directly interrupts EFE and ACC synthase and 
results in inhibition of biosynthesis of ethylene. However, others reported that 
exogenously applied SA is immediately converted into endogenous SA that suppresses 
biosynthesis of endogenous C2H4 by increasing polyamine contents (Lieberman, 1979). 
This accumulation hinders the ACC conversion into C2H4 as both endogenous C2H4 as 
well as polyamines share S-adenosylmethionine (SAM) as a common by product (Yang 
and Hoffman, 1984; Mattoo and Aharoni, 1988). Zhang et al. (2003) when applied ASA, 
it rapidly converted into SA and inhibited ACC conversion to C2H4 in kiwi fruits due to 
lowering of ACC oxidase and synthase activity. All these changes led to a sharp decline 
in C2H4 biosynthesis during the early stages of fruit ripening (Zhang et al., 2003). 
Although, SA inhibits C2H4 biosynthesis by boosting up polyamines in the tissues but this 
effect is also concentration-dependent. SA acts as signaling hormone in plants under 
stress conditions. Under stress conditions, SA signaling initiates the biosynthesis of 
different polyamines and upsurge polyamine levels and thus ultimately results in low 
C2H4 biosynthesis (Nemeth et al., 2002). This fact can be verified by findings of Nemeth 
et al. (2002) who found acclimatization of wheat and maize with stress on exogenous 
application of 0.5 mM SA because of dramatic rise in polyamine particularly putrescine 
and spermine contents. Pandey et al. (2000) also reported that polyamine reduces C2H4 as 
polyamines and supermidine (Spd) and spermine (Spm) and endogenous C2H4 share S-
adenosyl methionine (SAM) as a common precursor and the biosynthetic relationship 






Figure 2.5 Partial metabolic pathway showing pathway way for ethylene and polyamines 
biosynthesis showing SAM as the common precursor for both pathways and 





Salicylic acid excellently retards senescence as consequence of inhibition of C2H4 
biosynthesis and less peroxidase activity (Martinez et al., 2001). Recently, Kazemi and 
Shokri (2011) reported increased vase shelf life on application of 1.5 mM SA along with 
3% sucrose because of significant drop in lipid peroxidation rates and ACC-oxidase 
activity with an upsurge in enzyme antioxidant activity. Quiroz-Figueroa et al. (2001) 
also reported decrease in endogenous C2H4 level in SA treated parts. Physiological 
overview shows that SA induces inhibition of lipoxygenase (LOX) activity that causes a 
decrease in endogenous C2H4 biosynthesis alongside free radical activity. Metwally et al. 
(2003) also pointed out delay in senescence induced by heavy metal stress on SA 
application. Similarly, Baker et al. (1977), Tenhaken et al. (2000) and Rajasekaran et al. 
(2002) also identified delay in repining due to no or low C2H4 biosynthesis in SA treated 
fruits. Moreover, Obasi (2005) described that application of 0.50 mM SA postponed 
tomato ripening up to 18 days and improved shelf life of tomatoes by 62%. Retardation of 
senescence in cotyledons of ten-day-seedlings of cut rocket (E. sativa) was also 
quantified by Cevahir et al. (2006) on application of SA. Srivastava and Dwivedi (2000) 
found that application of 1.0 mM SA significantly delayed the ripening of banana fruits 
(Musa acuminata). They, finally, concluded that delaying the ripening of banana fruits 
was due to inhibition of ethylene biosynthesis and/ or action. Babalar et al. (2007) also 
observed a fall in C2H4 biosynthesis in SA treated strawberry fruits. Their summarized 
outcomes indicate that inhibition of C2H4 biosynthesis by SA happened as a result of slow 
ACC synthase production rate and activity; however, the inhibition was SA application 
time dependent. Not only in past but now a day, SA is also being used to delay 
senescence for avoiding great losses of fruit and yield annually due to senescence 
(Hatamzadeh et al., 2012). 
2.8 Role of salicylic acid as a phytohormone 
Salicylic acid not only acts as inhibitor of C2H4 biosynthesis but also is termed as 
a phytohormone due to its key role in plant physiology and involvement in many 
morphological and physiological processes of plant particularly under some type of 
stresses (Raskin, 1992, 1995; Delaney, 2004). It is perceived by NPR1, a transcriptional 
activator that regulates gene expression that might participate in seed germination, 
flowering, and/or senescence regulation. In addition, SA is a key regulator of plant cell 
redox status by inhibiting catalase and peroxidase activity, and thus modulating reactive 
oxygen species (ROS) levels. The positive effect of SA on photosynthesis contributes to 
electron acceptor availability and redox status (Figure 2.6).  
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Figure 2.6 Descriptive model of salicylic acid function in plant growth and development 
(Modified from Rivas-San-Vicente and Plasencia, 2011) 
 
Salicylic acid improves plant physiology by enhancing antioxidant activity, 
initiating systematic acquired resistance (SAR) (Greenberg et al., 2000), mitigating 
abiotic stresses such as osmotic stress, heat or low temperature, drought, toxic and heavy 
metal or oxidative stress etc. Moreover, it signals for biosynthesis of different stress 
proteins particularly of putrescine and spermine to mitigate stress outcomes on yields 
(Nemeth et al., 2002). Exogenous salicylic acid application has influenced a range of 
diverse processes in plants including seed germination (Korkmaz, 2005), stomatal 
closure, ion uptake and transport (Gunes et al., 2005), membrane permeability (Barkosky 
and Einhellig, 1993) and photosynthetic and growth rate (Khan et al., 2003). Salicylic 
acid application effectively improves seed germination, seedling growth, crop stand, 
growth of root and shoot, yield parameters and finally yields crops. Literature related to 
exogenous SA is given below: 
2.9 Effect of salicylic acid on seed germination and seedling vigor 
Salicylic acid potentially modulates physiological and morphological processes 
during the germination of seeds. It mitigates growth retarding effects of biotic and abiotic 
stresses. It develops SAR in seedlings and promotes successful crop stand even in biotic 
or abiotic stress. It alleviates detrimental effects of salt, low or high temperature and 
drought stress on newly emerged seedlings.  
There is no double that SA application improves seed germination whenever 
presoaking or priming of seeds with SA is carried out. But germination response 
Salicylic acid  
Seed Germination Flowering/Fruiting Senescence  
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absolutely depends on concentration, method and time of exposure to SA. This can be 
supported by the findings of Naderi et al. (2013) and Rajjou et al. (2006). Seeds when 
treated with low concentration of SA (0.7 mM) showed highest seed germination 
percentage and physiological changes over those treated with 2.7 mM SA (Naderi et al., 
2013). Similarly, application of SA ≥1 mM dramatically hindered seed germination; 
however, SA ˂1 mM induced maximum germination percentage and seedling vigor 
(Rajjou et al., 2006). Moreover, Guan and Scandalios (1995) had already reported that 
SA concentrations ranging from 3 to 5 mM entirely inhibited germination of maize seeds 
but SA concentration less than 1 mM appeared harmless for the germination. Recently, 
Naderi et al. (2013) also observed that pre-soaking with SA ˂1 mM not only improved 
germination rate but also positively regulated different traits of seed vigor. In past, a 
reduction in seeding growth parameters at high concentration of SA but improvements in 
those parameters at low rates were also confirmed by Agarwal et al. (2005) and 
Roghayyeh et al. (2014).  
Use of salicylic acid as seed priming agent has been reported more beneficial than 
other priming techniques like osmohardening, vitamin priming and hydropriming (Farooq 
et al., 2007, 2009). Salicylic acid priming also lessens duration of seeds germination by 
breaking seed dormancy as Naderi et al. (2013) recognized a reduction in germination 
time after the priming seeds with SA. Hus and Sung (1997) reported that watermelon 
seeds primed with SA germinated much earlier than those of seeds without SA treatment 
under stress conditions. These seeds came out of the soil earlier and the establishment 
was faster. Salicylic acid treated seedlings were exposed less time to pests and diseases 
(Rajjou et al., 2006). Patil and Gaikwad (2011) reported that seeds presoaked for 48 hours 
in 0.7 mM SA solution required less time for seed germination. However, Khamseh et al. 
(2013) suggested priming of seeds with 0.50 to 1.50 mM concentrations of SA for early 
seed germination and the greatest increment in traits of seedlings. El-Tayeb (2005) also 
reported such parallel effects of SA but for barley which were soaked in 0.001 mM SA 
solution. Recently, Anwar et al. (2013) reported that rice seeds were soaked in SA and 
other priming agent for 20 h but SA proved much effective than other priming agents and 
caused more increase in germination rate.  
Salicylic acid effectively mitigates detrimental effects of salt stress on the growth 
of plants. Several authors had confirmed the reverse of plant physiological changes 
induced by salinity stress after pre-soaking of seeds with SA. Wheat seedlings acquired 
tolerance against salt stress when seeds were primed with SA (Shakirova et al., 2003). 
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Under osmotic stress conditions, SA activates plant antioxidant activity that enable 
seedlings to tolerate osmotic stress as these changes were observed in wheat and barley 
seedlings suffering from osmotic stress (Deef, 2007). So, salicylic acid priming helps 
seedlings to attain tolerance against salinity stress (Tari et al., 2002). These findings can 
also be confirmed by the work of Tari et al. (2002) who treated tomato seeds with SA and 
reported that the SA treated seedlings survived even the osmotic stress of 100 mM Na
+
. 
Moreover, Shakirova et al. (2003) reported that SA treatment regulated accumulation of 
both ABA and IAA in wheat seedlings and reduced the damaging action of salinity and 
water deficit on seedling growth and accelerated a restoration of growth processes. 
Currently, Baninasab and Baghbanha (2013) also described that 0.25, 0.50 and 1.0 mM 
SA alleviated changes caused by 50, 100 and 150 mM NaCl on the seed germination and 
growth of cucumber, however, 0.1 mM SA showed maximum improvement in 
physiological and morphological parameters. Moreover, all rates of SA also improved K 
uptake with less Na
+
 accumulation in seedlings and less leaf electrolyte leakage. These 
finding were also supported by work of Afzal et al. (2006). They witnessed maximum 
seed germination and final germination count under saline stress when seeds were soaked 
in 0.36 mM SA.  Seedlings from 0.36 mM SA primed seeds gained higher lengths, mean 
seedling weight with less electrolyte leakage than non-primed seeds (Afzal et al., 2006). 
Correspondingly, Borsani et al. (2001) also observed acquisition of salt tolerance in 
Arabidopsis seedlings under NaCl stress due to improved antioxidant activity (Dat et al., 
1998) after treatment of seeds with SA. Such outcomes were also described by Senaratna 
et al. (2000) for germination of Phaseolus vulgaris and Lycopersicum esculentum seeds 
under stress conditions. Ozdener and Kutbay (2008) pointed out 0.5 mM SA as the most 
effective concentration for improving the germination of seedlings suffering from 50 mM 
NaCl stress. Liopa-Tsakalidi et al. (2012) also observed more germination of stevia seeds 
at 0.5 mM SA but inhibition at 1, 5 and 10 mM SA under osmotic stress of NaCl or 
NaHCO3. Similarly, Namdari and Baghbani (2013) also found tolerance in seedling by 
the application of SA. They reported that seed priming with 0.5 mM SA noticeably 
increased growth and germination under salinity stress due to lesser oxidative stress and 
enhanced antioxidative defense. Boukraâ et al. (2013) observed significant improvement 
in germination kinetics in the seeds of ILC3279 (80%) and AKIM91 (76%) when these 
seeds were pre-treated with SA. Salicylic acid treatment improves speed of radicle 
emergence under salt stress (Boukraâ et al., 2013). Boukraâ et al. (2013) suggested 0.5 
mM as the most effective concentration of SA for regulating proline contents, soluble 
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sugar and accumulation of proteins in the plant tissues. The concentration of SA higher 
than 0.5mM may also be effective for improving yield of crops but it depends upon the 
type of environment. Soybean seeds soaking with 0.6 mM SA for 6 hours caused a 
positive effect on the accumulation of some ions and antagonists and modified the 
inhibitory effect of drought stress on soybean (Al-Hakimi, 2006).  
Seed priming with SA improves dry biomass of seedlings, chlorophyll contents, 
reduces proline accumulation, slow down lipid peroxidation rate and enhances 
antioxidant activity when applied at optimum dose. Asadi et al. (2013) described an 
improvement of these physiological and morphological characteristics in chickpea 
seedlings. They, furthermore, suggested that SA is very effective for inducing tolerance in 
chickpea against stress due to significant improvements in physiological and 
morphological processes. Exogenously applied SA, previously, have also been reported to 
increase antioxidant capacity in Hordeum vulgare leaves (Ananieva et al., 2004) and 
boost peroxidase/ catalase activities in plant cells (Agarwal et al., 2005) due to more 
buildup of H2O2 under stress conditions (Chen et al., 1993; Khamseh et al., 2013). Under 
salt stress, SA dramatically caused an increase in antioxidant glutathione activities; 
betaine and proline in SA treated seedlings for mitigating bad effects of salinity on wheat 
and barley seedlings (Deef, 2007). Thus, these SA induced changes enable the seeds to 
germinate and seedlings to survive under salt stress. These facts can be furthermore 
supported by Misra and Saxena (2009) who observed an upsurge of proline contents in 
seedlings in SA treated seedlings even under stress conditions. Proline contents were 
increase in shoot 5 folds while in root 1.1 folds in seedlings under the stress of 100 mM 
NaCl due to treatment of 0.5 mM SA. SA induced positive effects have a long lasting 
effect of the life cycle of a plant as seedling stage in plant life cycle is a key 
developmental stages preparing plants for the final yield (Bewley and Black, 1994; 
Koornneef et al., 2002). But dose of SA is of great concerned because Canakci (2008) 
when applied SA ranging from 1 to 2 mM on radish seedlings, he observed SA osmotic 
and toxic effect on radish seedlings. High concentrations of SA prevented radish 
seedlings to gain biomass due to reduction in chlorophyll contents (Canakci, 2008). 
Delavari et al. (2010) also stated removal of salinity disorders in Ocimum basilicucmon 
on applying 0.01 mM SA. SA application not only improved germination rates of 
Ocimum basilicum seeds but improved length of shoot, fresh and dry weight, 
photosynthetic pigments and K
+
 concentration  and proline contents.  
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Kang et al. (2003) believed that SA pre-treatment could significantly increase the 
chilling tolerance in banana seedlings. It also mitigates drought stress induced changes in 
seedlings. Amin and Mahmood (2011) explored that application of 1 mM or 1.5 mM SA 
positively regulated stomata closure, absorption and transfer of ions under drought stress. 
They also reported that SA reversed injurious effects of drought stresses on okra 
germination and seedling growth by improving ascorbate and antioxidant activity in 
seedlings. Moreover, Ansari et al. (2013) also stated that SA primed seeds of Secale 
montanum recovered plant physiological and morphological processes affected by 
drought stress conditions due to increased catalase (CAT), ascorbate peroxidase (APX) as 
compared to the unprimed seeds. Exogenous SA is considered responsible for increasing 
polyamines (putrescine, spermidine and spermine) under drought stress condition which 
helps to membrane‟s solidity and safety (Botella et al., 2000; Nemeth et al., 2002). 
Priming of seeds with SA is not only effective against abiotic stress but it also 
mitigates the after effects of biotic stress on germination and seedling vigor. According to 
Conrath et al. (2002), a strong correlation exists between SAR and SA priming.  
Salicylic acid priming is also known to prevent the accumulation of heavy metals 
in seedlings. Rice seeds pre-soaking with 0.1 mM SA for 16h mitigated the adverse 
effects of Cadmium (Cd) on root and shoot dry weights of rice seedlings (Choudhury and 
Panda, 2004) due to excellent reduction in LPX, less generating of superoxide radical in 
rice growing under Cd stress. Barley seedlings also became tolerant to Cd toxicity when 
barley seeds were pre-soaked with SA for 24 h (Matewally et al., 2003). He et al. (2010) 
reported after a series of experimentation that SA treatment of rice seeds increased seed 
germination and caused early seedling growth by protecting them against Cd toxicity. 
Similarly, Szalai et al. (2013) reported that SA mitigated injurious effects of 0.01, 0.015, 
or 0.025 mM Cd on Zea mays seedlings due to more phytochelatin synthase (PCS) and 
glutathione reductase (GR) activities in maize leaves.  
Enhanced germination and seedling growth were recorded in wheat, when the 
grains were subjected to SA priming (Farooq et al., 2009; Shakirova, 2007). Ahmad et al. 
(2013) found an increase in shoot as well as root due to higher superoxide dismutase 
(SOD) activity; chlorophyll and nutrient contents in SA treated seedlings. Correlation 
analysis showed that shoot growth and seedling mineral (N, P and K) contents were 
positively correlated to leaf SOD and chlorophyll contents while root growth was 
positively correlated with root N, P and K contents. Finally, they suggested using 
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exogenous application of SA for improving the antioxidants defense system and nutrient 
homeostasis in seedlings for successful crop stand. Agostini et al. (2013) also reported 
that 0.01 mM SA was helpful to increase root and the total seedling length and dry weight 
especially under drought stress.  
2.10 Effect of foliar application of salicylic acid on growth and yield of crops 
Foliar application of SA improved growth, yield and fruit quality of different 
crops. Srivastava and Dwivedi (2000) reported that the improvement in fruit quality 
occurred due to suppression of cellulase, polygalacturonase, xylanase, catalase and 
peroxidase activity in banana fruit ripening. Salicylic acid also caused an increase in dry 
matter of Brassica juncea, however, the effect was SA concentration dependent. The 
concentration of SA applied to foliage of plant is considered one of the key factors. 
Fariduddin et al. (2003) found that mustard (Brassica juncea) sprayed with the lowest 
concentration of SA (0.01 mM) were in good health than those sprayed with water only or 
with higher concentrations of SA (0.1 or 1.0 mM). Similarly, Moharekar et al. (2003) 
recorded improvement in physiology due to enhanced levels of chlorophyll contents and 
carotenoid in wheat and mung-been because of the foliar application of SA at low dose. 
However, Moharekar et al. (2003) observed reduction in chlorophyll content on the 
application of the high concentration of SA. The findings of Afzal et al. (2006) also 
favored the foliar application of SA for improving physiology of mung bean. Moreover, 
Babalar et al. (2007) indicated a reduction in fruit fungal decay in plants treated with SA. 
According to Gharib (2006), foliar application of SA up to 0.1 mM is helpful to increase 
yield, leaf area, biomass, total carbohydrates, crude protein, total amino acids, free 
proline, photosynthetic pigments and microelement contents and uptake, putrescine, 
spermidine, total polyamines contents in basil and marjoram. Amin et al. (2008) had also 
stated better morphological, physiological and reproductive growth of wheat due to foliar 
application of SA. Correspondingly, Karlidag et al. (2009) noted an increase in total 
soluble salts and ascorbic acid contents in strawberry fruits due to externally applied SA.  
Foliar application of SA has been reported to alleviate the salt stress and improve 
plant growth. Chandrasekhar and Bangarusamy (2003) reported SA induced stress 
tolerance in SA treated plants after foliar application of SA. The SA treated mung bean 
plants had comparatively more dry matter than stressed plants. Wheat plants sprayed with 
0.05 mM SA had no sign of salinity induced changes (Shakirova et al., 2003). Salt stress 
reduces corn production but Khodary (2004) and Stacey et al. (2006) have reversible the 
decrease in corn yield as results of salinity by exogenous application of SA. According to 
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Khodary (2004), foliar application of 0.1 mM SA amended with Tween-40 as surfactant 
counteracted the NaCl deleterious effects on maize cultivars by stimulating maize salt 
tolerance as consequences of protection of photosynthetic machinery. Gunes et al. (2005) 
reported that foliar application of SA stimulated accumulation of mineral nutrient 
concentrations such as N, P, K, Mg and Mn in different parts of plants even under stress 
conditions. Recently, Stevens et al. (2006) tested the application of 0.1 mM SA via root 
drenching for improving the salt tolerance in tomato. They found that the SA-treated 
plants under salinity showed relatively higher survival and shoot growth rates compared 
to untreated plants whereas Hamid et al. (2008) is the witness of SA induced more 
photosynthetic activity and carbohydrate metabolism in SA treated wheat compared to 
untreated wheat under salinity stress. Noreen and Ashraf (2008) also observed alleviation 
of injurious effects of salinity on morphological and physiological characteristics of 
sunflower by foliar application of SA. Fahad and Bano (2012) reported that maize plants 
showing reduction in growth as consequences of osmotic stress got resistance and survive 
under the stress when were sprayed with SA. They suggested the overcome of osmotic 
stress by maize plant due to increased production of sugar and proline. Similarly, Sajjid et 
al. (2013) also pointed out improvement in plants suffering from salt stress on the 
application of SA. However, they concluded that efficacy of exogenous SA application is 
absolutely dose dependent. For example, 0.001 mM SA dramatically increased the foliage 
fresh and dry weight, fruit number, average fruit weight, fruit yield, vitamin C, 
carotenoids content and cuticle thickness of fruit in pepper (Elwan and El-Hamahmy, 
2009) but 1mM SA showed the toxic effect in growth considering the results of total 
chlorophyll, carotenoid content and protein amount (Cag et al., 2009). However, foliar 
application of 0.01 mM SA caused 2 fold more chlorophyll content while the application 
of 0.0001 mM SA caused 3.5 fold more carotenoid content in treated cotyledons 
comparing to the control (Cag et al., 2009). Similarly, lower rates of SA improved growth 
of Matricaria chamomilla plants but higher rates of significantly reduced its growth 
(Kovacik et al., 2009).  
Foliar application of SA also mitigated the effects of osmotic stress on cereal 
crops as well as vegetables. Yildirim et al. (2008) investigated the effect of foliar 
application of 0.25, 0.50 and 1.0 mM SA on cucumber seedlings under 60 and 120 mM of 
NaCl salinity. They recorded greatest chlorophyll and mineral contents in cucumber 
leaves in both saline and non-saline conditions on the application of 1.0 mM SA. Gehan 
et al. (2009) reported 0.3-0.5 mM of SA as effective concentration to acquired tolerance 
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in capsicum species infected with powdery mildew disease. Besides it, they found foliar 
application comparatively twice more effective than soaked method. Nadia et al. (2007) 
also reported that application of SA was effective against early blight disease. Orabi et al. 
(2010) also observed more resistance in cucumber (Cucumis sativus L.) against cold 
stress due to upsurge of antioxidant enzymes activity and carotenoids when cucumber 
plants were sprayed with SA. They stated that SA at 4 mM induced the highest 
increments in GR and APX activities, carotenoids contents and finally yield. A 
remarkable decline in MDA and electrolyte leakage (EL) was also seen by them on the 
application of SA. However, the work of Wang et al. (2010) explored that foliar 
application of SA recovered net photosynthetic rate by protecting PSII system and Shahba 
et al. (2010) found mitigation of injuries of osmotic stress on tomato growth due to more 
antioxidant enzymes activities when they sprayed SA on tomato plants. 
Salicylic acid potentially alters activity of antioxidants to mitigate stress 
outcomes. Misra and Saxena (2009) observed a significant increase in proline contents of 
SA treated lentil suffering from salinity stress. Arfan (2009) also stated that SA 
application had potential to improve antioxidant activity of plants. They found greater 
antioxidative enzymes such as superoxide dismutase, catalase and peroxidase activities on 
the application of SA.  
Wang et al. (2007) observed that foliar application of SA inhibited auxin signaling 
during SA-mediated disease-resistance mechanism. Furthermore, Rajkumar et al. (2008) 
reported that foliar application of SA activated gene responsible for SAR during 
eliminating fungal and bacterial diseases. Foliar application of SA eradicated damping off 
disease in pepper/chilies by biologically controlling activity of Pseudomonas spp. 
(Rajkumar et al., 2008). According to Nadia et al. (2007), foliar application of SA 
significantly decreased disease severity index of the early blight due to an increase in 
antioxidant activity. Similar were the findings of Najafian et al. (2009). Alaey et al. 
(2011) sprayed aqueous solutions of 0.05-0.20 mM SA on roses grown in a controlled 
greenhouse about two weeks before harvest and flowers were cut and kept in a vase 
solution of SA (0.05 to 0.40 mM) and reported that SA showed a significant increase in 
cumulative uptake, relative fresh weight and CAT activity. 
In 2013, a lot of work on the use of SA for improving plant growth. Belkadhi et 
al. (2013) reported that two times spray of 0.4 mM SA successfully eliminated cadmium 
accumulation in leaves and improved plant growth with significant increase in yield. 
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Jayakannan et al. (2013) also reported an increase in shoot K
+
 with a decrease in shoot 
Na
+
 accumulation in those plants where foliar application of SA was performed. 
Ghasemzadeh and Jaafar (2013) observed a significant improvement in different 
physiological activities such as nitrate reductase, guaiacol, peroxidase (POD), superoxide 
dismutases (SOD), catalase (CAT) and proline enzymes in ginger cv. Halia Bentong and 
cv. Halia Bara. They also found that ginger plants sprayed with SA produced more total 
dry weight due to a significant increase in photosynthetic rate. However, these effects 
depended on rate of SA. Habibi and Abdoli (2013) reported that growth response of plant 
to exogenous SA totally correlates with concentration of SA applied. They also stated that 
there were more improvements in growth when SA was applied at low concentrations 
(0.50 mM). Their findings were similar to Nejad-Hosseini et al. (2013) who also observed 
more improvements in growth with less nicotine contents in leaves of tobacco on the 
foliar application of SA applied at rate of 10 mM.  
Morad et al. (2013) reported stimulation in the growth of wheat as consequences 
of more biosynthesis of photosynthetic pigments and more relative water content after 
foliar application of SA while Mutlu et al. (2013) reported improvement in growth and 
yield of cold tolerant and sensitive barley (Hordeum vulgare) cultivars when these 
cultivars were sprayed with 0.1 mM SA. They also reported that SA not only alleviated 
freezing injury in both varieties for at least 10 days but also improved growth because of 
a decrease in lipid peroxidation level and improve in antioxidant activity. Naz and Bano 
(2013) also found foliar application of 0.1 mM SA as the most appropriate rate for 
alleviating salt stress. However, Zarei et al. (2013) reported that SA application also had 
effects on planting date, type of genotype and rates of SA.  
2.11 Role of salicylic acid and ethylene as signaling agent in defense system 
Salicylic acid and ethylene acts as signaling agent in plants (Belkadhi et al., 2013) and 
induce and play a vital role in pathogen-induced systematic acquired resistance and 
rhizobacteria-mediated induced systematic acquired resistance (Figure 2.7). Ethylene is 
considered as a senescing hormone in plants, and an increase in its biosynthesis in 
response to environmental stress is thus reported as a symptom of injury. Conrath et al. 
(2002) debated that a faster or greater production of ethylene in the initial phase of a 
pathogen infection contributes to enhanced resistance against pathogen. On the 
exogenous application of ACC, resistance against Pst DC3000 in Arabidopsis was 






Figure 2.7 Salicylic acid (SA) and ethylene (ET) based signal transduction pathways 
leading to pathogen-induced systematic acquired resistance (SAR) and 
rhizobacteria-mediated induced systematic acquired resistance (ISR) 













Lawton et al. (1994) suggested that ethylene is needed for activation of PR-1 by 
salicylic acid as it strongly enhances in activation of PR-1 by SA in Arabidopsis plants. 
Greenberg et al. (2000) reported that ethylene potentiates the effects of SA and helps 
plants to SAR in Arabidopsis. Moreover, Lei et al. (2011) have disclosed that C2H4 
signals for low-Pi signal in the regulation of plant responses to Pi starvation. According to 
Rao et al. (2002), ethylene like SA also influences plant defense responses including cell 
death in response to both biotic and abiotic stress factors. However, they also suggested 
that both SA and C2H4 act in concert to influence cell death in O3-sensitive genotypes and 
that O3-induced ethylene production is dependent on SA. Wang et al. (2007) also verified 
these findings. 
Salicylic acid signals for the onset of SAR against reactive oxygen species (ROS) 
and protects cell organelles from being degraded by ROS (Chen et al., 1993; 
Merkouropoulos et al., 1999; Kawano and Muto, 2000; Ezhilmathi et al., 2007; Cag et 
al., 2009; Khan et al., 2003; Neerja et al., 2013). The important role of SA in protecting 
plants is probably played by its ability to induce expression of genes coding not only for 
PR-proteins but also for example the extension gene in Arabidopsis plants. Knoester et al. 
(2001) also pointed out involvement of SA for prevention of lesion expansion in non-
infected plant parts of tobacco. O‟Donnell et al. (2001) reported that exogenous feeding 
of SA to ethylene-deficient plants restores necrosis, indicating that reduced disease 
symptoms are associated with failure to accumulate SA. These results indicate a 
mechanism for co-ordination of phytohormones signals that together constitute a 
susceptible response to pathogens. Similarly, Martinez et al. (2001) also reported that the 
SA pathway (induced by the cellulase activity) and ethylene pathway (induced by heat-
denatured and active protein) together coordinate the activation of defense mechanisms. 
They found a partial interaction between both signaling pathways since SA caused an 
inhibition of the ethylene production and a decrease in peroxidase activity when co-
infiltrated with denatured cellulase. Treatments with active or denatured cellulase caused 
a reduction in powdery mildew (Sphaerotheca fuliginea) disease. Recently, Datta et al. 
(2013) and Patel and Krishnamurthy (2013) reported that SA acts as a key signals for 
defense gene expression and regulates resistance to fungal, bacterial and viral pathogens.  
2.12 Conclusion 
It is obvious from the literature that the use of exogenous ethylene reviewed in 
this chapter is proved essential to accelerate the crop productivity particularly of 
vegetables. Calcium carbide is one of most economical source of exogenous C2H4 as well 
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as a potent nitrification inhibitor too. Though, calcium carbide has potential to multiply 
yields of vegetables by improving photosynthesis, growth and nutrient use efficiency, 
however, the amount of C2H4 released from coated CaC2 decides about positive or 
negative effect of coated CaC2 on the plant physiology of a plant. Moreover, the 
biosynthesis of ethylene in the plant tissues can also affect the efficacy of coated CaC2 for 
non-conventional production.  Different compounds can be used to inhibit biosynthesis of 
ethylene but salicylic acid is the most suitable ethylene biosynthesis inhibitor among all 
tested inhibitors. Besides acting as inhibitor of endogenous ethylene, SA also acts a 
phytohormone due to its crucial role in plant physiology. Its exogenous application 
mitigates the deteriorative effects of biotic/abiotic stress on plant growth and yield. The 
literature also explains how SA can mitigate the drawbacks of calcium carbide use for 
crop productivity.  
2.13 Aims and objectives 
As the pertinent literature indicates about 30 to 40% increase in yields of 
vegetables, so calcium carbide can be used for non-conventional production of sweet 
pepper. Therefore, following aspects should be explored by the use of coated CaC2 for 
improving production of vegetables which come in mind from the review of literature:  
 What will be the response of plants to slow/abrupt release of ethylene or acetylene 
from CaC2 as carking of coating on grains of CaC2 and how this problem could be 
tackled? 
  What is the response of plants to applied coated CaC2 under some stress? 
Without dealing these unexplored issues, the use of coated CaC2 for boosting 
productivity of vegetables is not reliable and feasible under uncertain environment. 
Therefore, a PhD research project was planned to investigate:  
i. Efficiency of exogenous SA for mitigating deteriorative effects of 
excessive C2H4 released from CaC2 on some morphological and 
physiological characteristics of sweet pepper 
ii. Alone and combined effect of SA and coated CaC2 on growth, yield and 
fertilizer use efficiency of sweet pepper 
iii. Cost effectiveness of alone and combined use of SA and coated CaC2 for 
non-conventional production of sweet pepper 
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CHAPTER 3 
MATERIALS AND METHODS 
 
A series of laboratory and wire-house experiments was conducted in Institute of 
Soil and Environmental Sciences, University of Agriculture, Faisalabad. On the basis of 
preliminary studies, two field experiments were conducted, one at tunnel of Institute of 
Horticultural Sciences, University of Agriculture, Faisalabad while other at a progressive 
former‟s field near Chak Jhumra, Faisalabad. Most of the work presented in this 
manuscript was done in Soil Fertility and Plant Nutrition Laboratory, however, 
biochemical analyses were completed in at Department of Chemistry and Biochemistry, 
Faculty of Basic Sciences, University of Agriculture, Faisalabad. The research work 
given in this manuscript is divided into following sections on the basis of nature of 
experiments.  
SECTION-I 
This section deals with experiments conducted under laboratory controlled 
conditions in Soil Fertility and Plant Nutrition Laboratory, Institute of Soil and 
Environmental Sciences, University of agriculture, Faisalabad. The experiments 
discussed in section-I are:  
Experiment 1  
Selection of the best coating material for calcium carbide to release 
effective concentration of gases for inhibition of oxidation of ammonium 
Experiment 2 
Determining effective rates of calcium carbide for improving seed 
germination and seedling vigor of sweet pepper  
Experiment 3  
Effect of seed priming with salicylic acid on seed germination and 
seedling growth of sweet pepper 
Experiment 4  
Effect of calcium carbide dependent released ethylene with and without 
salicylic acid on seed germination and seedling vigor of sweet pepper 
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SECTION-II 
This section deals with experiments conducted under ware-house controlled 
conditions at Institute of Soil and Environmental Sciences, University of Agriculture, 
Faisalabad. This section included following experiments:  
Experiment 5  
Growth and yield response of sweet pepper to soil applied paint and 
polyethylene coated calcium carbide 
Experiment 6 
Morphological and physiological growth changes in two cultivars of sweet 
pepper in response to foliar application of salicylic acid  
Experiment 7  
Comparative effect of calcium carbide dependent released ethylene and 
salicylic acid on morphological and physiological parameters and yield of 
sweet pepper under salinity stress conditions 
SECTION-III 
Section-III included two filed experiments that are:  
Experiment 8 
Evaluation of effects of calcium carbide and salicylic acid on yield and 
growth of sweet pepper under tunnel conditions 
Experiment 9 
Evaluation of effects of calcium carbide and salicylic acid on growth and 
yield of sweet pepper grown on a progressive farmer‟s field  
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SECTION-I 
3.1 Experiment 1 
Selection of the best coating material for calcium carbide to release effective 
concentration of gases for inhibition of oxidation of ammonium 
The experiment was conducted to select two best materials for coating on calcium 
carbide (CaC2) among the test materials on the basis of inhibition of oxidation of NH4
+
 
ion. The experiment was carried out by following procedures as given below:  
3.1.1 Site of experiment 
 The experiment was conducted under controlled conditions in an incubator in 
the laboratory of Soil Fertility and Plant Nutrition (SFPN), Institute of Soil and 
Environmental Sciences (ISES), University of Agriculture, Faisalabad (UAF), 
Pakistan. 
3.1.2 Coating of calcium carbide 
 Analytical grade CaC2 (27% a.i. CaC2, Ningxia National Chemical Group Co. 
Ltd., China) was used (Figure 3.1a). Calcium carbide was ground and coated with 
different coating materials by the adopting method of Siddiq (2012). Bigger stones of 
CaC2 were broken into smaller ones with a mechanical hammer (Figure 3.1b) especially 
designed for this purpose. Then particles of about 3-4 cm diameter were passed through a 
mechanical fine grinder (Figure 3.1c) mounted with two parallel iron cylinders rotating 
mechanically and crushed the material to further finer fractions. Two mechanical sieves 
(Figure 3.1d) having pore size 2 and 4 mm diameter respectively, were used to separate 
CaC2 particles of about 2-4 mm diameter. These fine particles were then used for coatings 
with different materials. This whole work was done under cool and moisture free 
environment. Calcium carbide particles and commercial grade wax were weighed in 4:6 
ratios, respectively. Wax was melted in a drum shaped container, mechanically rotating 
over a flame and CaC2 was added to it. After complete mixing, flame was off but the 
rotation was continued till the container was cooled up to 50 to 60ºC. After that, material 
was poured out on a paper sheet having sufficient amount of plaster of Paris spread over 
it. Wax coated CaC2 was mixed with plaster of Paris by gentle manual rubbing to keep 
the particles separate from each other (Figure 3.1f). Similarly, other formulations were 
prepared by mixing CaC2 with paints, paraffin and polyethylene, respectively (Figure 
3.1g, h and i). For encapsulated CaC2, required amount of powdered CaC2 (Figure 3.1e) 








     
a) Stones of CaC2 b) Mechanical hammer c) Fine grinder d) Mechanical sieve           e) Powdered CaC2 
     
f) Wax coatedCaC2  g) Paint coated CaC2  h) Paraffin coated CaC2 i) Polyethylene coatedCaC2  j) Gelatin capsulated CaC2 








3.1.3 Experimental design 
 The experiment was laid out according to completely randomized design (CRD) 
in factorial arrangement with three replications as described by Steel et al. (1997). 
3.1.4 Treatment plan 
Following treatment plan was adopted: 






































Note: Calcium sulfate equivalent to Ca in CaC2 was added according 
to treatment plan in the treatments where 0 mg CaC2 was applied. 




contents of control 
treatment and coating materials containing treatments.   
3.1.5 Methodology 
 The 1000 mL capacity polyethylene plastic bottles with covers were used. 
Holes were made in lids of bottles; rubber septa were plugged in holes and sealed with 
silicon gel (Figure 3.2). One gram of urea was thoroughly mixed in 500 g soil and filled 
in each bottle. The moisture at field capacity was maintained by adding 60% of water 
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used for making saturated paste and weight of bottle containing soil, urea, water and lids 
was recorded. After 24 h, moisture was maintained on a weight basis by injecting de-
ionized water via septum with the help of spring. The bottles were kept at 24±2
◦
C with 
12/12 light, dark period in a Sayno Incubator.    
 
Figure 3.2 Experimental bottle with rubber septum 
3.1.6 Soil analysis for nitrate-N and ammonium-N concentrations 
For nitrate-N and ammonium-N determination, 10 g soil was extracted by using 2 
M KCl as extracting solution in a 1:5 (soil: water) ratio. Ammonium (NH4-N) and nitrate 
(NO3-N) plus nitrite (NO2-N) were determined by steam distillation of ammonia (NH3), 
using heavy MgO for NH4-N and Devarda's Alloy for NO3-N (Bremner and Edwards, 
1965). The distillate was collected in saturated H3BO3 and titrated to pH 5.0 with dilute 
H2SO4 (Keeney and Nelson, 1982). Following formulae were used to calculate NH4-N 
and NO3-N contents in the soil. 
NH4-N in test solution (µg g
-1
) = 
      (                      )
  (                          )
  
 
   (            )
 
NO3-N in test solution (µg g
-1
) = 
                           
                   
 
                         
                        
 
3.1.7 Soil physical and chemical analyses 
The soil used was taken from the surface soil layer of 0-30 cm depth from a field 
of experimental area, Institute of Soil and Environmental Sciences, University of 
Agriculture Faisalabad. It was air-dried, ground and sieved through 2 mm sieve. A 
composite sample was taken and analyzed for physical and chemical properties (Table 
3.1) by using the methods described by Page et al. (1982) and Motsara and Roy (2008) or 
methods otherwise used are mentioned. 
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3.1.7.1 Mechanical analyses 
 Fifty grams of air dried soil sample was taken in beaker. Then 40 mL of 1% 
sodium hexametaphosphate solution and 150 mL of distilled water were added. These soil 
samples were kept for overnight soaking. Next day soil suspension was stirred with a 
mechanical stirrer for 10 minutes and transferred to 1 L plastic cylinder. With the help of 
metal plunger the suspension was shaken vigorously. By using Bouyoucos Hydrometer 
first reading was recorded after 40 seconds of the shaking and second reading was noted 
after 2 h (Moodie et al., 1959). Soil textural class was established by using textural class 
triangle of United States Department of Agriculture, USA. 
3.1.7.2 Saturation percentage 
 Saturated soil paste was transferred to a tarred china dish and oven dried it to a 
constant weight at 105
o
C (Method 10-2.3, U.S. Salinity Lab. 1954). Saturation percentage 
was calculated using the following formula: 
    
                                 
                     
      
3.1.7.3 Soil pH (pHw) 
 Air dried soil (5 g) was weighed in 50 mL plastic beaker, 5 mL of distilled water 
with automatic pipette was added, mixed thoroughly for 5 seconds and allowed to stand 
for 10 minutes. The pH was recorded by pH meter (3510 JENWAY) with glass electrode 
after standardizing the meter with buffer of 9.5 and 4.0 pH as standards (McLean, 1982). 
3.1.7.4 Organic matter 
  Organic matter was determined by Walkely and Black method. Two gram soil 
sample was mixed with 10 mL 1 N potassium dichromate solution and 20 mL 
concentrated H2SO4. Then 150 mL of distilled water, 10 mL of 85% phosphoric acid, 0.2 
g of sodium fluoride and 30 drops of diphenylamine indicator (0.5 g diphenylamine + 20 
mL distilled water + 100 mL conc. H2SO4) were added into it. The solution was back 
titrated against 0.5 N FeSO4solution to a brilliant green end point. A blank was also run 
(Jackson, 1962). 
3.1.7.5 Electrical conductivity of saturated soil extract (ECe) 
 Saturated soil extract was taken by using vacuum pump (Method 3a, U.S. Salinity 
Staff, 1954) and its electrical conductivity was measured using digital conductivity meter 
model 4510 JENWAY (Method 4b, U.S. Salinity Staff, 1954). 
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Table 3.1 Physico-chemical characteristics of soil used for laboratory and pot trials 
Parameter Unit Value 
Sand % 50.86 
Silt % 27.74 
Clay % 21.40 
Textural class     Sandy clay loam 
Saturation percentage % 34  




































 8.22  
CEC cmolc kg
-1
 soil 4.31 
Total N % 0.029 
Available P mg kg
-1
 soil 5.94  
Extractable K mg kg
-1
 soil 139  
 
3.1.7.6Cation exchange capacity (CEC) 
 Five grams soil sample was taken in centrifuge tube and washed three times in 
succession by adding 33 mL of saturating solution (0.4 N NaOAC-0.1 N NaCl, 60% 
ethanol) discarding the supernatant each time. Then 33 mL of extracting solution [0.5 N 
Mg(NO3)2] was added and washed three times successively as above. While giving 
washing with extracting solution, supernatant liquid was preserved in  100 mL flask and 
its volume was  made  up to  the  mark. Sodium and chloride concentrations of this liquid 
were determined by using Sherwood 410 flame photometer and cation exchange capacity 
was calculated (Rhoades, 1982). 
3.1.7.7 Calcium plus magnesium 
 Soluble calcium plus magnesium were determined by titrating saturated soil 
extract against 0.01 N EDTA solution using eriochrome black-T as an indicator in the 
presence of a buffer to a blue green end point (Lanyon and Heald, 1982). 
3.1.7.8 Sodium and potassium 
 Soluble sodium and potassium in the saturated soil extract were determined by 
using flame photometer (Sherwood 410) using NaCl and KCl as standard solutions 
(Method 13-4, U.S. Salinity Lab. 1954).  
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3.1.7.9 Carbonates and bicarbonates 
 Carbonates and bicarbonates in the saturation extract were determined by titration 
with standard 0.1 N H2SO4 (Method 12, U.S. Salinity Staff, 1954). 
3.1.7.10 Chlorides 
 Chlorides in the saturation extracts were determined by titration with standard 
(0.05 N) silver nitrate using potassium chromate as an indicator (Method 13, U.S. Salinity 
Staff, 1954) 
3.1.7.11 Sulphate 







3.1.7.12 Total nitrogen 
 Nitrogen was determined by Gunning and Hibbard‟s method of sulphuric acid 
digestion and distillation of ammonium into 4% boric acid by macro distillation apparatus 
(Jackson, 1962). 
3.1.7.13 Available phosphorus 
 Five gram soil was extracted with 0.5 M NaHCO3 solution (pH 8.5). Then 5 mL 
aliquot of clear filtrate was taken in 25 mL volumetric flasks and added to it 5 mL of 
colour developing reagent (ascorbic acid, ammonium molybdate, antimony potassium 
tartarate and sulphuric acid). Volume was made up to the mark with distilled water and 
reading was recorded by spectrophotometer model ANA-720W TOKYO, Photoelectric 
Co. Ltd. (Olsen and Sommers, 1982). 
3.1.7.14 Extractable potassium 
 Five gram soil was saturated with 50 mL of 1 M ammonium acetate solution (pH 
7.0). Extraction was made with same solution and extractable or available K was 
determined by Sherwood 410 flame photometer (Carson, 1980). 
3.2 Experiment 2 
Determining effective rates of calcium carbide for improving seed 
germination and seedling vigor of sweet pepper 
The experiment was conducted to determine effective rates of CaC2 on the basis 
of germination and growth response to CaC2. The experiment was carried out by 
following procedures as given below  
3.2.1 Site of experiment 
 Effect of different rates of CaC2 on seed germination of sweet pepper cv.  
Yolo Wonder F-1was studied under controlled growth conditions in an incubator in 
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in the laboratory of Soil Fertility and Plant Nutrition, Institute of Soil and 
Environmental Sciences, University of Agriculture, Faisalabad, Pakistan.  
3.2.2 Experimental design 
 The experiment was laid out according to completely randomized design with 
four replications as described by Steel et al. (1997). 
3.2.3 Experimental conditions 
 Petri plates were arranged in incubator (Sanyo MIR 253) at 24±2
◦
C day/night 
temperature with 14 h photoperiod using cool white fluorescent light (Yaseen et al., 
2012). 
3.2.4 Treatment plan 
Following treatment plan included 11 levels of CaC2 (0, 2, 4, 6, 8, 10, 12, 14, 16, 
18 and 20 mg CaC2 petri-plate
-1
). In control plates, calcium sulfate was added to adjust 
amount of calcium added from 2 mg CaC2 in calcium carbide treated plates. 
3.2.5 Methodology 
 Effect of different rates of CaC2 on seed germination of sweet pepper cv. Yolo 
Wonder F-1 was studied in petri-plates under controlled growth conditions of incubator 
and laboratory. The cultivar of sweet pepper used was Yolo Wonder (F-1 progeny with 
85% germination percentage distributed by California Production Seeds treated by 
producer with Thiram 50MP dyed fungicide).  
Prior to using the seeds in this experiment, seeds were sterilized by washing with 
70% ethanol (to remove any fungus present on seed coat) then washed several times with 
distilled water under aseptic conditions in a laminar flow cabinet. These surface sterilized 
seeds were used in this experiment.  Plastic petri plates with covers were used for 
germination of seeds. Holes were made in lids of petri plates; rubber septa were plugged 
in holes and sealed with silicon gel (Figure 3.3). Round shaped sheets of filter papers 
(Whatmann 42, Schleicher and Schuell) were placed in petri plates.  
Three filter papers with round shape were used during study. First filter paper was 
placed at the bottom of petri-plates. The required weights of powdered analytical grade 
CaC2 (27% a.i. CaC2, Ningxia National Chemical Group Co. Ltd., China) was placed over 
it and was covered with second filter paper. Five seeds were spread on the covering 
second filter paper in each petri-plate. Third filter paper was used to cover the seeds and 
to save seeds from floating after the application of de-ionized water. After putting the lid 
back, petri-plates were sealed with the help of Parafilm tape (Parafilm “M” Laboratory 
Film, Pechiney Plastic Packing, Chicago, IL 60631) and arranged in incubator according 
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to the conditions mentioned in section 3.2.3. Seven milliliter de-ionized water (calculated 
from a preliminary study to keep three filter paper just wet) was injected into each petri-
plate through rubber septa by using a 12 mL disposable syringe as is shown in Figure 3.3.  
3.2.6 Parameters studied 
3.2.6.1 Seed germination rate 
Germination response was monitored up to 528 h (24 days) with interval of 22 
hour (h) and means were calculated. 
3.2.6.2 Root and shoot length 
Root and shoot lengths of germinating seedlings were also recorded after 22 days 
(504 h) growth reviewed in an incubator 
3.2.6.3 Fresh seeding biomass 
Seedlings were weighed on top loading electrical balance after 22 days (528 h) 
growth period in incubator and mean fresh biomass (mg plant
-1
) was calculated. 
3.2.6.4 Chlorophyll contents 
Chlorophyll contents in seedlings leaves were measured with the help of Portable 
Chlorophyll Meter SPAD 504 in the presence of sunlight and mean chlorophyll contents 
(SPAD) were calculated. 
3.3 Experiment 3 
Effect of seed priming with salicylic acid on seed germination and seedling 
growth of sweet pepper 
The experiment was conducted with the objective to choose effective 
concentrations of salicylic acid on the basis of following germination rate and growth of 
seedling vigor. The experiment was carried out by procedures as given below: 
3.3.1 Site of experiment 
Same as is described in section 3.2.1. 
3.3.2 Experimental design 
Same as is described in section 3.2.2. 
3.3.3 Experimental conditions 
Same as is described in section 3.2.3. 
3.3.4 Salicylic acid rates used 






Figure 3.3 Showing a step by step procedure for placing filter paper, calcium carbide, seeds, sealing of petri plates and addition of de-ionized 
water into a petri plate 
1 2 3 4 5 
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3.3.5 Treatment plan 
T1 = Seed priming with deionized water (Control) 
T2 = Seed priming with 0.05 mM SA 
T3 = Seed priming with 0.1 mM SA 
T4 = Seed priming with 0.2 mM SA 
T5 = Seed priming with 0.3 mM SA 
T6 = Seed priming with 0.4 mM SA 
T7 = Seed priming with 0.5 mM SA 
T8 = Seed priming with 0.6 mM SA 
3.3.6 Seed priming 
Seeds were soaked for 3 h in SA solution according to treatment plan under 
aerobic conditions maintained with the help of aeration pump. Then seeds were dried 
under shade and then used for experiment immediately. 
3.3.7 Methodology 
Same as is given in section 3.2.5 except the second paper was kept over first paper 
in each petri-plate without addition of CaC2. 
3.3.8 Parameters studied 
3.3.8.1 Seed germination rate 
Same as given in section 3.2.6.1. 
3.3.8.2 Root and shoot length 
Same as is described in section 3.2.6.2. 
3.3.8.3 Fresh seeding biomass 
Same as is described in section 3.2.6.3. 
3.3.8.4 Chlorophyll a+b 
Chlorophyll a+b in leaves of 528 h old seedlings was determined by 
spectrophotometric method as followed by Metzner et al. (1965). Fresh weight of 
leaves (0.1 g) was homogenized in acetone (85%) for 5 min. The homogenate was 
centrifuged and the supernatant was made to volume with 85% acetone. The 
absorbance was measured against a blank of pure 85% aqueous acetone at three 
wavelengths of A452.5, A644 and A663 (nm) using double beam spectrophotometer, 
taking into consideration the dilution made. It was possible to determine the 
concentration of the pigment fractions (chlorophyll-a, chlorophyll-b, total 
chlorophyll) as µg g
-1
 using the following equations: 
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Chlorophyll-a = 10.3 A663-0.918 A644 (µg g
-1
) 




3.3.8.5 Electrolyte leakage 
Uniform leaf discs were cut from leaves of seedlings with a sharp cork borer 
and transferred to a test tube containing 5 mL of distilled water. Similarly, leaf discs 
from control plants were also cut and transferred to a test tube containing 5 mL of 
distilled water. The test tubes were shaken on a shaker for 4 h at room temperature. 
After 4 h, conductivity in the solution was measured by inserting the probe of the 
conductivity meter into the solution. This represented the ion leakage from the leaf 
discs. Then these test tubes the solution containing the leaf discs were autoclaved. 
After the liquid cools down, the conductivity of the solution was measured again. 
This represents the total ions present in the leaf discs. The ion leakage was 
calculated by using formula:  
Electrolyte leakage (%) = 
                               
                              
     
3.4 Experiment 4 
Effect of calcium carbide dependent released ethylene with and without 
salicylic acid on seed germination and seedling vigor of sweet pepper 
After investigating effects of SA and CaC2 separately on germination and seedling 
growth of sweet pepper, the experiment 4 was conducted with the objective to investigate 
effect of CaC2 dependent ethylene induced positive and negative effects on seed 
germination and seedling vigor in the presence and absence of SA. Following procedures 
were adopted to carry out this experiment. 
3.4.1 Site of experiment 
Same as is described in section 3.2.1. 
3.4.2 Experimental materials 
a) Petri-plate with lids having hole plugged with rubber septa and sealed with silicon 
gel (procedure same as described in in experiment 2.)  
b) Analytical grade CaC2 (27% a.i. CaC2, Ningxia National Chemical Group Co. 
Ltd., China) 
c) SA solutions made from analytical grade SA 
d) De-ionized water for providing moisture 
e) Filter papers used as growth media 
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f) Disposable syringe (10 mL) for watering via septa 
3.4.3 Experimental conditions 
Same is described in section 3.2.3. 
3.4.4 Experimental design 
Completely randomized design (CRD) in 2 factors factorial arrangement (Steel 
et al., 1997). Each treatment had four replications. 
3.4.5 Treatment plan 
Treatment plan include two factors i.e. rates of CaC2 and rates of SA with four 
replications. 
Rates of CaC2  =4 (0, 16, 18 and 20 mg plate
-1
) 
Rates of SA = 6 (0, 0.1, 0.2, 0.3, 0.4 and 0.5 mM) 
The rates of CaC2 were selected from experiment 2 (effect of CaC2 on seed 
germination) on the basis of germination and growth response of sweet pepper cv. Yolo 
Wonder F-1 to CaC2. The rate, 16 mg plate
-1
 CaC2 was selected due to CaC2 dependent 
ethylene induced maximum germination rate and seedling growth while 18 and 20 mg 
plate
-1
 CaC2 were chosen due to CaC2 dependent ethylene induced deteriorative effects on 
seed germination and seedling growth. The rates of SA were also selected from 
experiment 3 (effect of SA on seed germination) on the basis of significant positive and 
negative effects of SA on seed germination and growth of sweet pepper seedlings.  
3.4.6 Methodology 
Seeds of sweet pepper cv. Yolo Wonder F-1 were sown in petri-plates. Prior to 
using the seeds in this experiment, seeds were sterilized by washing with 70% ethanol (to 
remove any fungus present on seed coat) then washed several times with distilled water 
under aseptic conditions in a laminar flow cabinet. These surface sterilized seeds were 
used either directly or primed with SA according to treatment plan.  
Seeds were primed with SA with procedure given in experiment 3. First filter 
paper was placed at the bottom whereas selected rates of powdered CaC2 were spread 
over the 1
st
 filter paper according to treatment plant. Second filter paper was placed above 
the one with and without CaC2. Then, 3 seeds either primed with SA or de-ionized water 
were spread over 2
nd
 filter paper and covered with 3
rd
 filter paper to check their 
movement or floating. Remaining procedure was kept constant as followed in 
experiments 2 and 3 i.e. effect of CaC2 and SA on seed germination, respectively. 
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3.4.7 Parameters studied 
3.4.7.1 Seed germination rate 
Same as is described in section3.2.6.1. 
3.4.7.2 Root and shoot length 
Same as is described in section3.2.6.2. 
3.4.7.3 Fresh seeding biomass 
Same as is described in section3.2.6.3. 
3.4.7.4 Chlorophyll a+b 
Same as is described in section3.3.8.4. 
3.4.7.5 Ethylene released from seedlings 
Ethylene (C2H4) concentrations were determined by using method as described by 
Khalid et al. (2006) from gas samples collected from Petri plates using Gas 
Chromatograph (Shimadzu GC 2010) fitted with flame ionization detector (FID) and a 
capillary column (Porapak Q 80-100). For comparison reference standards of ethylene 
were also run. 
3.4.7.6 Salicylic acid in seedlings 
Salicylic acid contents in seedling of sweet pepper were determined by following 
the method of Zhang et al. (2003). Ten grams leaf fresh weight was extracted with 4 mL 
5% Trichloroacetic acid (TCA). De-ionized water was added to complete the volume to 
20 mL. Then, 30 mL of ethyl ether was added and shaken well, kept for 12 h and then 
centrifuged at 1000 rpm for 5 min. The upper ethyl ether layer was collected and the 
aqueous layer was re-extracted with ethyl ether. The collected ethyl ether extract was 
evaporated till dryness. The residue was dissolved in a solution of 0.02 M CH3COONH4 
in 50% methanol (pH 3.2). Then, 10 mL of extract + 10 mL of NH4Fe(SO4)2 was mixed 
and shaken well and centrifuged at 2500 rpm for 3 min. The reading of color was 





3.5 Experiment 5 
Growth and yield response of sweet pepper to soil applied paint and 
polyethylene coated calcium carbide 
This experiment was conducted with an objective to select one most effective 
coating on calcium carbide for further experiments on the basis of improvement in 
growth, yield and nitrogen use efficiency (NUE) parameter. For this pot trial, two 
materials for coating calcium carbide were selected from experiment 1 (effect of CaC2 on 






3.5.1 Site of experiment 
 This experiment was conducted in wire-house of experimental area, Institute of 
Soil and Environmental Sciences, University of Agriculture Faisalabad. 
3.5.2 Experimental materials 
 Glazed pots having 30 cm width and 35 cm length with the filling capacity of 12 
kg soil filling per pot lined with polyethylene bags were used during the experiment. Soil 
(air-dried, ground and sieved) was taken from upper soil layer (0-30 cm depth) from a 
field of experimental area, Institute of Soil and Environmental Sciences, University of 
Agriculture Faisalabad. Soil was filled in pots at the rate of 10 kg pot
-1
. Pots were kept 
under natural day light. 
3.5.3 Soil physical and chemical analyses 
 Same as given describe in section 3.1.7 and Table 3.1.  
3.5.4 Experimental design 
The experiment was laid out according to completely randomized design in three 
factorial arrangements with three replications as described by Steel et al. (1997). 
3.5.5 Treatment plan 
The treatment plan adopted consisted of: 
Rates of CaC2    = 5 (0, 10, 20, 30 and 40 mg kg
-1
) 
Type of coating materials   = 2 (paint and polyethylene selected from experiment 1) 
NPK fertilizer    = 2 (0, 120-90-60 kg ha
-1
) i.e. with and without fertilizer 
3.5.6 Nursery preparation 
Ten seeds of sweet pepper cv. Yolo Wonder F-1 were sown under controlled 
conditions in disposable thermopore cups with holes at their bottom. Round shaped filter 
48 
 
paper was placed at the bottom hole of each cup and 250 g cup
-1 
mixture of compost and 
sand (as germinating medium) was filled in the cups. Cups were arranged in large trays 
having distilled water treated with Topsin-M fungicide. Transparent polyethylene 
wrapping sheet was used to wrap each tray of cups to maintain required relative humidity 
for the germination of seeds. Trays were placed in controlled temperature room, where 
photoperiod of 14 h with cool white fluorescent light and temperature of 24±2
◦
C 
day/night was maintained throughout nursery period (30 days). After 30 days, the cups 
with trays were transferred in wire-house for hardening.  
3.5.7 Fertilizers 
Urea, diammonium phosphates and muriate of potash were used to provide 120, 
90 and 60 kg N, P and K ha
-1
, respectively. All P and K were applied at sowing by mixing 
in soil before pot filling whereas urea was applied in two splits i.e. half at seedling 
transplantation time by mixing in soil and other half dose at the time of flowering. 
3.5.8 Methodology 
After filling with soil, the pots were placed in the wire-house (a structure having 
walls fitted with wires net all around to protect from animals and birds and roof made of 
sliding glass; so no wind, temperature and humidity control is provided by this structure). 
Recommended doses of inorganic N, P and K fertilizers were applied as discussed in 
section 3.5.7 (120, 90 and 60 kg ha
-1
, respectively). Two seedlings of similar vigor were 
transplanted in each pot and after 3 days of transplanting, only one plant per pot was 
maintained while other plant was chopped and buried in pot. Canal water treated with 
Topsin-M was used for irrigation of plants throughout the growth period. Recommended 
insecticide was sprayed two times during the growing period to protect plants from 
sucking insects and fruit borer. Data was statistically analyzed to find out the best rate of 
CaC2 and material used for coating. 
3.5.9 Treatment application 
Required rates of polyethylene and paint coated CaC2 were placed 6 cm deep in 
soil in the center of pots two weeks after transplanting. 
3.5.10 Parameters studied 
 Data on following parameters were collected during this study.  
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3.5.10.1 Pre-harvest observations recorded 
3.5.10.1.1 Plant height 
Plant height was measured with the help of a scale from the surface of the soil to 
the top of the plant after 50 days of transplanting.  
3.5.10.1.2 Shoot girth 
Shoot girth was calculated from base, middle and top with the help of vernier 
caliper and means of shoot girth were calculated.  
3.5.10.1.3 Internode distance 
Number of total nodes plant
-1
 was counted and plant height was divided by total 
number of internode to get internode distance.  
3.5.10.1.4 Number of branches plant
-1
 
Number of branches plant
-1
 was counted before harvest and mean in each 
treatment.  
3.5.10.1.5 Number of leaves plant
-1
 
Number of leaves plant
-1
 was counted up to harvest times in each treatment. 
3.5.10.1.6 Number of days up to first flower appearance 
All the pots were observed regularly and when 50% flowering in each pot was 
completed, the number of days was noted. 
3.5.10.1.7 Number of flowers plant
-1
 
Number of flowers and fruits plant
-1
 appear in each treatment were counted before 
fruit setting. 
3.5.10.1.8 Number of fruits plant
-1
 
Total number of fruits per plant was counted at the time of harvesting. 
3.5.10.1.9 Fruit drop percentage 
Fruit drop percentage in each treatment was calculated by using following 
formula: 
Flower drop (%) = 
                                   
                 
     
3.5.10.1.10 Photosynthetic parameters 
Photosynthesis rate (A), transpiration rate (E) and stomatal conductance 
photosynthetic water use efficiency (PNWUE) were determined. Fully expanded youngest 
leaves of tagged plants were used for photosynthesis measurements. Infrared gas analyzer 
(IRGA, model ADC, Bioscientific Ltd., England) was used for measurement at 1100-
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) were present. The inside temperature of the leaf cuvette was set at 30 ± 2
o
C. The 
light responses curves were carried out at ambient CO2 concentrations (300-350 μmol 
mol
-1
). Photosynthetic water use efficiency was computed as the ratio of photosynthetic 
rate to transpiration (Van-den-Boogard et al., 1996). 
3.5.10.2 Post-harvest observations recorded 
3.5.10.2.1 Fruit yield 
Fruits were picked timely and weighed on top loading balance. At the end, sum of 
all picking was calculated and mean fruit yield plant
-1
 was calculated. 
3.5.10.2.2 Shoot dry weight 
Shoots were detached from soil surface, oven dried at 65
◦
C till constant weight and 
their weights were recorded using an electronic top loading digital balance. 
3.5.10.2.3 Root dry weight 
After detaching main stem of plant, underground root portion with earthen boll 
was washed thoroughly with tap water so that they were free from soil. These were then 
air dried in laboratory for some time and then oven dried at 65
◦
C till constant weight by 
using a digital electronic balance to record their dried weights. 
3.5.10.2.4 Harvest index 
Biological yield of plant was calculated from root, shoot and fruits weight and 
harvest index was calculated by using following formula: 
  ( )  
             
                 
      
3.5.10.2.5 Plant chemical analyses 
To determine N, P and K concentration in plant, following steps were carried out: 
a- Wet digestion: 
Shoot and root samples were dried and ground to get powder. The powdered shoot 
and root material (1.0 g) was digested using 20 mL of H2SO4 (conc.) and 8 g of digestion 
mixture (K2SO4: FeSO4: CuSO4 = 10: 1: 0.5) for each sample. When the solution became 
transparent and yellowish green, it was allowed to cool and transferred to 100 mL 







Aliquot (10 mL) was taken from the above-prepared solution for distillation at 
Kjeldhal ammonium distillation unit. Nitrogen evolved as ammonia was collected in 
receiver containing boric acid (4%) solution and mixed indicator (Bromocresol green 
and methyl red) and titrated against 0.1N H2SO4 (Jackson, 1962).  
c- Phosphorus  
For P determination; vanadate-molybdate spectrophotometric procedure was 
followed (Jones et al., 1991).  
d- Potassium 
 Potassium was determined by flame photometer 410 Sherwood (Chapman and 
Pratt, 1961).  
e- Nutrient Uptake 
N, P and K uptakes by plant were calculated using the following formula: 
                 
                         ( )                  
   
 
3.5.10.2.6 Fertilizer use efficiency 
Different forms of nutrient use efficiencies were calculated by using the following 
formulae:  
   (   )  
                                            
                                                                
 
   (   )  
                                            
                          
 
   ( )  
                                                                
                           
     
Where PE is physiological use efficiency, AE is agronomic use efficiency and RE 
is recovery efficiency.  
3.6 Experiment 6 
Morphological and physiological growth changes in two cultivars of sweet 
pepper in response to foliar application of salicylic acid 
This experiment was conducted with an objective to study growth and yield 
response of two cultivars of sweet pepper cv. Yolo Wonder F-1and Royal Wonder F-1 to 
foliar application of SA.  Following procedures were followed: 
3.6.1 Site of experiment 
Same as is described in section 3.5.1.  
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3.6.2 Experimental materials 
Same as is described in section 3.5.2.  
3.6.3 Soil physical and chemical analyses 
Same as is described in section 3.1.7 and Table 3.1. 
3.6.4 Experimental design 
CRD (3 Factorial) with four replications 
3.6.5 Treatment plan 
Rates of SA          = 8 (0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mM) 
Cultivars             = 2 (Yolo Wonder F-1 and Royal Wonder F-1) 
NPK fertilizer        = 2 (0, 120-90-60 kg ha
-1
) i.e. with and without NPK fertilizers  
3.6.6 Nursery preparation 
Seedlings of both cultivars were grown in the same way as given in section 3.5.6. 
3.6.7 Fertilizers 
Same procedure as is given in section 3.5.7. 
3.6.8 Methodology 
Two sprays of SA were carried out according to treatments plan while two spray 
of distilled water were also applied on plants in control without SA application to nullify 
the effect of water spray on growth. First foliar application of SA was performed after 15 
days of transplanting while second foliar application of SA was carried out 10 days after 
the first spray. 
3.6.9 Growth and yield parameters studied 
 All growth and yield parameters were studied in the same manner as described in 
sections 3.5.10.1 and 3.5.10.2.  
3.6.10 Biochemical analyses 
Five to six young fully expanded leaves form sweet pepper plants after 50 days of 
transplanting were picked randomly from the field and carried to lab with care in ice 
bucket and stored at -80
◦
C for biochemical analyses.  
3.6.10.1 Superoxide dismutase 
Superoxide dismutase (SOD) was measured by the photochemical method as 
described by Winterbourn et al. (1975). Assays were carried out under illumination. One 
unit SOD activity is defined as the amount of enzyme required to cause 50% inhibition of 
the rate of p-nitro blue tetrazolium chloride reaction at 560 nm. Cu/Zn-SOD was 
measured by the photochemical method as described by Giannopolitis and Ries (1977).  
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3.6.10.2 Lipid peroxidation 
Estimation of lipid peroxidation by Minotti and Aust (1987) method was assayed 
spectrophotometrically using TBA-MDA assay. Lipid peroxides were extracted with 5 
mL of 5% (w/v) metaphosphoric acid and 100 mL of 2% (w/v in ethanol) butyle 
hydroxytoluene. An aliquot of the supernatant was reacted with thiobarbituric acid 95
◦
C 
and cooled to room temperature. The resulting was extracted with 1-butanol.  
3.7 Experiment 7 
Comparative effect of calcium carbide dependent released ethylene and 
salicylic acid on morphological and physiological parameters and yield of 
sweet pepper under salinity stress conditions 
This experiment was conducted to investigate the beneficial effects of 
polyethylene coated CaC2 dependent ethylene with and without foliar application of 
salicylic acid on morphological and physiological parameters of sweet pepper under 
salinity stress.   
3.7.1 Site of experiment 
Same as described in section 3.5.1.  
3.7.2 Experimental materials 
Same as described in section 3.5.2.  
3.7.3 Soil physical and chemical analyses 
Same as described in section 3.1.7 and given in Table 3.1. 
3.7.4 Experimental design 
The experiment was laid out according to completely randomized design in 4 
factorial arrangements with three replications as described by Steel et al. (1997). 
3.7.5 Treatment plan 
An associated study was conducted in along with experiment 5(effect of CaC2 
application on growth and yield of sweet pepper). The treatment plan followed for this 
study was:  
T1 = Application of fit water plus NPK 
T2 = Application of fit water followed by 2 dS m
-1
 saline water plus NPK 
T3 = Application of fit water followed by 4 dS m
-1
 saline water plus NPK 
T4 = Application of fit water followed by 6 dS m
-1





The treatment plan adopted for experiment 7 consisted of: 
-Rates of polyethylene coated CaC2     =     4 (0, 10, 20 and 30 mg kg
-1 
soil)  
-Rate of SA foliar spray     = 4 (0, 0.1, 0.3 and 0.5 mM) 
- NPK  fertilizer      = 2 (0, 120-90-60 kg ha
-1
) i.e. with and without 
-Saline water       = 4 (0, 2, 4 and 6 dS m
-1
) 
3.7.6 Nursery preparation 
Nursery of sweet pepper cv. Yolo Wonder was raised by same way as given in 
3.5.6.  
3.7.7 Fertilizers 
Same procedure as is given in section 3.5.7. 
3.7.8 Methodology 
Same as is given in section 3.5.8. 
3.7.9 Treatment application 
Application of polyethylene CaC2 was carried out in similar way to that is 
described in section 3.5.9 while foliar application of SA was carried out as is discussed in 
section 3.6.9. 
3.7.10 Growth and yield studied 
 All growth and yield parameters were studied in the same manner as described in 
section 3.5.9.  
3.7.11 Biochemical analyses  
Procedure for sample collection was same as described in section 3.6.10. 
3.7.11.1 Lipid peroxidation 
Same as is described in section 3.6.10.2. 
3.7.11.2 Superoxide dismutase activity 
Same as is described in section 3.6.10.1. 
3.7.11.3 Peroxidase activity 
Peroxidase (POD) activity was determined by following the dehydrogenation of 
guaiacol at 436 nm (Malik and Singh, 1980). 
3.7.11.4 Ascorbic acid 
 The method used for ascorbic acid determination was described by the AOAC 
(1999). Sweet pepper juice (5 mL) was taken in a volumetric flask of 100 mL and volume 
was made by adding 0.4% oxalic acid solution. Out of this filtered aliquot 10 mL was 
taken, added some distilled water for making end point clear and titrated against 
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standardized (0.04%) 2,6-dichlorophenolindophenol sodium salt hydrate dye, to light pink 
end point which should persist for at least 15 seconds. The vitamin C content was 
calculated as ascorbic acid by using the following formula: 
              (         )   
               
        
 
R= mL of dye used to titrate against 2.5 mL of reference solution (1 mL standard 
ascorbic acid + 1.5 mL 0.4% oxalic acid) 
R1= mL of dye used to titrate against V1 of aliquot 
V= volume of aliquot made by 0.4% oxalic acid 
V1= mL of aliquot taken for titration 






Based upon the results of pot experiments, two field studies were planned. First 
filed experiment was conducted in a walk-in-tunnel at vegetable research area of Institute 
of Horticultural Sciences, University of Agriculture, Faisalabad while second field was 
conducted at a progressive farmer‟s field near Chak Jhumra, Faisalabad. The detail of 
these studies is given below:  
3.8 Experiment 8 
Evaluation of effects of calcium carbide and salicylic acid on yield and growth 
of sweet pepper under tunnel conditions 
3.8.1 Site of experiment 
 The experiment was conducted on vegetable research area of Institute of 
Horticultural Sciences, University of Agriculture Faisalabad in tunnel irrigated with drip 
irrigation system to evaluate comparative effect of CaC2 dependent release ethylene with 
and without SA on different physiological and morphological characteristics of sweet 
pepper cv. Yolo Wonder F-1.  
3.8.2 Sweet pepper cultivar 
 As sweet pepper cv. Yolo Wonder F-1 performed better in experiment 6 (effect of 
SA on two cultivars of sweet pepper), therefore, this cultivar of sweet pepper was used 
for further field experiment. 
3.8.3 Soil physical and chemical analyses 
 Same procedures were adopted to analyze field soil as described in section 3.1.7. 
Soil characteristics are presented in Table 3.2. 
Table 3.2 Physico-chemical characteristics of soil of tunnel at research area of 
Institute of Horticultural Sciences, University of Agriculture, Faisalabad 
Parameter Unit Value 
Textural class  Sandy clay loam 




pH  7.4 
CEC cmolc kg
-1
 soil 5.42 
Total N % 0.019  
Available P mg kg
-1
 soil 7.14  
Extractable K mg kg
-1
 soil 121 
 
3.8.4 Experimental design 
 Randomized complete block design (RCBD) with 2 factorial arrangements. Each 
treatment consisted of four replications. 
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3.8.5 Treatment plan 
The treatment plan adopted consisted: 
Rate of polyethylene coated CaC2 (PCC)  = 4 (0, 100, 200 and 300 mg plant
-1
) 
Concentration of salicylic acid (SA)   = 4 (0, 0.1, 0.3 and 0.5mM) 
The detailed treatment plan is given below: 
Treatment No. PCC (mg plant
-1
) SA (mM) 
T1 0 0 
T2 100 0 
T3 200 0 
T4 300 0 
T5 0 0.1 
T6 100 0.1 
T7 200 0.1 
T9 300 0.1 
T10 0 0.3 
T11 100 0.3 
T12 200 0.3 
T13 300 0.3 
T14 0 0.5 
T15 100 0.5 
T16 200 0.5 
T17 300 0.5 
 
Note: Recommended dose of NPK fertilizers was applied without any change in 
production technology. PCC = Polyethylene coated CaC2 
A treatment without NPK, SA and PCC application was also run for comparison. 
Calcium chloride equivalent to Ca in 100 mg CaC2 was also added to control plants to 
adjust amount of calcium added from 100 mg CaC2. Similarly, in control, polyethylene 
equivalent to use for coating 100 mg PCC was also applied. Each time while spraying SA 
on plants, equivalent volume of water used for spraying SA on plants was also sprayed on 
plants of treatments without SA application just to nullify the effect of water spray on 
plants.  
3.8.6 Date of nursery sowing and transplanting in field 
 Sweet pepper nursery of selected cultivars was raised in plastic trays containing 
growing media of soil, sand and farm yard manure in the ratio of 1:1:1 during last week 
of October 2012 and transplanted in field plots during last week of November 2012 under 




 Nitrogen, phosphorus and potassium were applied at recommended rate of 120, 90 
and 60 kg ha
-1
 in the form of urea, single super phosphate and muriate of potash, 
respectively. All P and K were added to the soil at the time of transplanting while 
nitrogen was applied in two splits i.e. half at transplanting time and remaining half dose at 
the time of flowering. Fertilizers were applied through broadcast during field bed 
preparation and incorporated with ploughing and planking.  
3.8.8 Methodology 
 After seed bed preparation, 30 days old sweet pepper cv. Yolo Wonder F-1 
nursery plants were transplanted in tunnel during last week of November, 2012. Plant to 
plant distance was maintained 75 cm while 45 cm as row to row distance. After two 
weeks of nursery transplanting, 6 cm deep holes were made in rhizosphere of a specific 
plant with the help of steel rod. The weighed amounts of polymer coated CaC2 (PCC) 
were applied uniformly in these holes two weeks after transplanting. After PCC 
application, holes were plugged manually with soil. For foliar application of SA, first 
foliar spray of SA was carried out after two week of transplanting nursery while second 
spray was performed after 10 days of first spray. 
3.8.9 Parameters studied 
 Same as discussed in experiments of section II. 
3.8.10 Biochemical analyses 
Same as described in section 3.7.11 or are given by Bates et al. (1973). 
3.8.11 Compositional analyses 
 After the determination of physical parameters, fruits were homogenized using a 
blender cup and homogenizer, Bosh easy mix (model CNHR6 Germany).The 
homogenized mixtures were centrifuged and filtered out to get supernatant by adopting 
method as described by Akhtar (2009). This supernatant was then used later for analysis 
of the following parameters.  
3.8.11.1 Total soluble solids 
 Total soluble solids (TSS) were measured as stated by Dong et al. (2001). One to 
two drops of the supernatant as prepared above was placed on the prism of the digital 




3.8.11.2 Titratable acidity 
 Titratable acidity was measured by titration according to the AOAC (1999). Each 
tomato sample supernatant (6 g) was weighed out and diluted in 40 mL of distilled water. 
Two to five drops of phenolphthalein was added in this juice. A 10 mL aliquot was taken 
in a titration flask and, then titrated against 0.1 N NaOH till permanent light pink color 
appeared. The samples were titrated with 0.1 N NaOH to endpoint of pH 8.2. Titratable 
acidity was expressed as percentage of malic acid by using following formula: 
   ( )   
(           ) (                ) (                         )
(            ) (                    )
 
3.8.11.3 Ascorbic acid 
 Same as described in section 3.7.11.4. 
3.8.12 Economic analyses 
 Economic analyses were performed according to CIMMYT (1988) and benefit-
cost ratio (BCR) and value-cost ratio (VCR) were calculated according to methods used 
by Dash et al. (1995) and Hussain et al. (2008) for the economic feasibility of the foliar 
feeding technology. 
3.9 Experiment 9 
Evaluation of effects of calcium carbide and salicylic acid on growth and yield 
of sweet pepper grown on a progressive farmer’s field 
3.9.1 Site of experiment 
  This experiment was conducted on a progressive farmer‟s field (walk-in-tunnel) 
near Chak Jhumra, Faisalabad. 
3.9.2 Sweet pepper cultivar 
 Sweet pepper cv. Yolo Wonder F-1 
3.9.3 Soil physical and chemical analyses 
 Same as described in section 3.1.7 and given in Table 3.3. 
3.9.4 Experimental design 
Randomized complete block design (RCBD) with four replications. 
3.9.5 Treatment plan 
Same as described in section 3.8.5. 
3.9.6 Date of nursery sowing and transplanting in field 




Same as given in section 3.8.7. 
3.9.8 Methodology 
 Same as given in section 3.8.8. 
3.9.9 Parameters studied 
 Same as discussed in section 3.8.9. 
Table 3.3Physico-chemical characteristics of soil of progressive farmer‟s field 
Parameter Unit Value 
Textural class  Sandy clay loam 




pH  7.75 
CEC cmolc kg
-1
 soil 4.51   
Total N % 0.032 
Available P mg kg
-1
 soil 6.51 
Extractable K mg kg
-1
 soil 170  
 
3.10 Statistical analyses 
 All data obtained from experiments were analyzed statistically according to the 
analysis of variance (ANOVA) as detailed by Steel et al. (1997) using Statistix-8.1 
software. Significant differences (p <0.05) among means were identified using Fisher‟s 




RESULTS AND DISCUSSION 
 
 The research work presented in this manuscript was conducted under laboratory, 
wire house and field conditions. All laboratory work was done at Soil Fertility and Plant 
Nutrition Laboratory, Institute of Soil and Environmental Sciences, University of 
Agriculture, Faisalabad while research under wire-house conditions was conducted in a 
wire-house at research area of Institute of Soil and Environmental Sciences, University 
of Agriculture, Faisalabad. Research under field conditions was done at vegetable 
research area of Institute of Horticultural Sciences, University of Agriculture, 
Faisalabad and at a progressive farmer‟s field near Chak Jhumra, Faisalabad. All 
analytical work was completed at Institute of Soil and Environmental Sciences, 
University of Agriculture, Faisalabad. However, some portion of analytical work was 
also done at Department of Chemistry and Biochemistry, University of Agriculture, 
Faisalabad. The results of a series of experiments conducted to evaluate the comparative 
role of salicylic acid and calcium carbide in seed germination, growth, yield and quality 
of sweet pepper are presented in three sections separately according to nature of 
experiments: 
i. Section-I     Laboratory studies 
ii. Section-II    Pot studies 





 Section-I deals with results and discussion of all research work done under 
laboratory conditions. Four experiments were conducted under laboratory conditions; first 
experiment with objective of selecting the best coating materials for coating CaC2 on the 
basis of inhibition of oxidation of ammonium while others with objective of investigating 
comparative effects of salicylic acid and calcium carbide on seed germination and 
seedling vigor of sweet pepper.  
4.1 Experiment 1 
Selection of the best coating material for calcium carbide to release effective 




 oxidation and prolongs the existence of NH4
+
 in soils 
(Sahrawat et al., 1987; Keerthisinghe et al., 1996; Ahmad et al., 2009). It inhibits 
oxidation of NH4
+
 in soil by blocking Nitrosomonas activity (Bronson and Mosier, 1991). 
One of its excellent sources is calcium carbide. Calcium carbide releases C2H2 as it comes 





of soils with and without CaC2 is signpost of inhibition of NH4
+
 oxidation by CaC2. 




 contents were 
determined in soils with and without CaC2 and then compared. Data regarding effect of 




 contents in soils 
after 30, 45 and 60 days of incubation are presented in Tables 4.1, 4.2 and 4.3, 





 as samples tested for NH4
+





 contents in CaC2 added soils compared to that of control (soils without 




contents 30, 45 and 60 days after 
incubation are given below: 
4.1.1.1 Ammonium and nitrate contents 30 days after incubation 
 After 30 days of incubation, mean effect of CaC2 rates (Table 4.1a) revealed that 
soil without CaC2 addition had very low NH4
+
 contents (4.7 mg kg
-1
 soil) but soils with 
CaC2 addition contained higher NH4
+
 contents (120.4 to 370.8 mg kg
-1
 soil). Similarly, 
mean effect of CaC2 rates also revealed that the soil with lowest NH4
+





Table 4.1 Effect of different type of coating and rates of CaC2onammonium and nitrate contents 30 days after incubation in 
soils under controlled conditions 
 (a) Ammonium contents (mg kg
-1





Type of coating 
Mean 
Wax Paraffin Paint Polyethylene Gelatin capsule 
0 4.7 q 4.7 q 4.7 q 4.7 q 4.7 q 4.7 F 
10 113.7 o 125.5 no 131.3 n 146.5 m 85.2 p 120.4 E 
20 167.1 l 182.7 k 193.0 k 217.5 j 121.4 no 176.3 C 
30 220.6 j 246.0 hi 254.7 g-i 290.1 f 163.5 l 235.0 B 
40 346.5 d 387.1 c 404.2 b 474.3 a 241.8 i 370.8 A 
Mean 170.5 D 189.2 C 197.2 B 226.6 A 123.3 E  
 







Type of coating 
Mean 
Wax Paraffin Paint Polyethylene Gelatin capsule 
0 169.9 d  185.2 c  165.9 de  195.6 b  189.1 bc  181.1 A  
10 157.2 e 8
*
 157.2 e 15 157.2 e 5 157.2 e 20 157.2 e 17 157.2 B 13 
20 128.8 f 24 136.1f 27 115.6 g 30 101.2 h 48 231.0 a 22 142.5 C 21 
30 85.8 ij 49 93.6 hi 49 77.1 jk 54 68.5 kl 65 160.4 e 15 97.1 D 46 
40 19.9 s 88 21.3 s 89 17.9 s 89 15.9 s 92 37.9 qr 80 22.6 E 88 
Mean 112.3 C  118.7 B  106.7 D  107.7 D  155.1 A    
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
Mean values of different types of coatings sharing the same letter (s) do not differ at p = 0.05 according to LSD test. 
Mean values of different rates sharing same letter (s) given in column do not differ at p = 0.05 according to LSD test. 
* 
Italic values given in each column indicate % decrease in nitrification after 30 days at 24±2
o
C under controlled conditions. 
LSD value for ammonium contents: Rate (A) = 6.2546, Coating (B) = 5.2861, Interaction (A× B) = 13.986 
LSD value for nitrate contents: Rate (A) = 4.0146, Coating (B) = 3.3929, Interaction (A× B) = 8.9769 
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CaC2 treated soil) had the highest NO3
-
 contents (181.1 mg kg
-1
 soil) after 30 days of 
incubation whereas soils with higher NH4
+
 contents (10-40 mg CaC2 kg
-1
 soil) had 
comparatively less NO3
-





 contents of CaC2 treated and untreated soils indicated that CaC2 significantly 
inhibited oxidation of NH4
+
 and thus, prolonged the NH4
+
 existence in the soils. It is 
obvious from the data in Table 4.1b that application of CaC2 inhibited nitrification 
process up to the extent of 13 to 88% compared to control (soil without CaC2).  
Effect of CaC2 on nitrification inhibition was also significant as nitrification 
inhibition increased with an increase in CaC2 (Table 4.1b). Similarly, the type of coating 




 contents in soils. Among five tested 
coating materials, polyethylene resulted in an optimum release of C2H4 from CaC2 which 
upheld maximum NH4
+
 contents in soil by inhibiting NH4
+
 conversion into NO3
-
 (Tables 
4.1a and 4.1b). 
4.1.1.2 Ammonium and nitrate contents 45 days after incubation 




 contents in soil after 45 days of incubation (Tables 
4.2a and 4.2b) revealed that NH4
+
 contents in soils with CaC2 application ranged from 
101.8 to 303.9 mg kg
-1
 soil compared to 3.5 mg kg
-1
 in soils without CaC2 (control). 









 soil in control (soil without CaC2 application). It was also observed 
that percent decrease in nitrification was CaC2 rate dependent because the lowest 
nitrification inhibition (5-20%) was noted at 10 mg CaC2 kg
-1
 soil while the highest 
nitrification inhibition (71-92%) at 40 mg CaC2 kg
-1
 soil. Similarly, polyethylene showed 
its superiority to other four tested coating materials by prolonging the existence of NH4
+
 
in soil up to 45 days of incubation and kept the NO3
-
 contents at bottom compared to all 
coating materials. Mean effect of CaC2revealed that 13 to 73% less NO3
-
 contents in soil 
treated with CaC2 compared to that of control were just due to the nitrification inhibitory 
role of acetylene in conditions where all factors except CaC2 were kept constant for soils.  
4.1.1.3 Ammonium and nitrate contents 60 days after incubation 




 contents in soils after 60 days of incubation 
(Tables 4.3a and Table 4.3b) followed the similar trend as were observed in our earlier 
findings (Tables 4.1 and 4.2). Soils treated with CaC2 showed higher NH4
+
 contents 





Table 4.2 Effect of different type of coating and rates of CaC2onammonium and nitrate contents 45 days after incubation in 
soils under controlled conditions 







Type of coating 
Mean 
Wax Paraffin Paint Polyethylene Gelatin capsule 
0 3.5 p 3.5 p 3.5 p 3.5 p 3.5 p 3.5 E 
10 107.6 n 102.5 n 106.9 n 122.0 mn 70.1 o 101.8 D 
20 158.2 jk 149.1 kl 157.1 kl 181.2 ij 99.9 n 149.1  C 
30 208.7 f-h 200.9 hi 207.4 f-h 241.6 d 134.5 lm 198.6 B 
40 313.2 b 297.6 b 313.1 b 385.2 a 210.5 e-h 303.9 A 
Mean 158.2 B 150.7 C 157.6 B 186.7 A 103.7 D  
 







Type of coating 
Mean Wax Paraffin Paint Polyethylene Gelatin 
capsule 
0 183.5 c  200.0 b  175.8 cd  204.6 b  207.2 b  194.2 A  
10 169.7 de 8
*
 169.7 de 15 166.6 de 5 164.4 e 5 172.3 de 20 168.5 B 13 
20 139.1 fg 24 147.1 f 26 122.6 h 30 105.9 i 30 253.2 a 48 153.6 C 21 
30 87.2 lm 52 75.0 kl 63 81.7 k 65 71.7 l 54 130.5 gh 65 89.2 E 54 
40 52.7 j 71 51.0 j 75 61.9 mn 54 16.6 s 65 75.9 kl 92 51.6 D 73 
Mean 126.4 C  128.6 B  121.7 D  112.6D  167.8 A    
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
Mean values of different types of coatings sharing the same letter (s) do not differ at p =0.05 according to LSD test. 
Mean values of different rates sharing same letter (s) given in column do not differ at p = 0.05 according to LSD test. 
* 
Italic values given in each column indicate % decrease in nitrification after 30 days at 24±2
o
C under controlled conditions.  
LSD value for ammonium contents: Rate (A) = 10.304, Coating (B) = 8.7086, Interaction (A×B) = 23.041 







Table 4.3 Effect of different type of coating and rates of CaC2onammonium and nitrate contents 60 days after incubation in soils 
under controlled conditions 
 (a) Ammonium contents (mg kg
-1





Type of coating 
Mean 
Wax Paraffin Paint Polyethylene Gelatin capsule 
0 2.6 r 2.6 r 2.6 r 2.6 r 2.6 r 2.6 E 
10 81.9 mn 66.7 no 68.3 no 107.1 kl 29.9 q 61.7 D 
20 120.4 jk 97.0 lm 100.4 l 159.1 ef 42.6 pq 103.9 C 
30 158.9 ef 130.7 ij 132.5 h-j 212.1 c 57.4 op 138.3 B 
40 214.5 c 158.6 ef 164.9 de 326.9 a 57.2 op 184.4 A 
Mean 115.7 B 91.1 C 93.7 C 175.2 A 37.9 D  
 







Type of coating 
Mean 
Wax Paraffin Paint Polyethylene Gelatin capsule 
0 198.2 d  216.1 c  186.4 ef  212.0 c  227.9 b  208.1 A  
10 183.3 ef 8
*
 183.3 ef 15 176.6 fg 5 170.3 g 20 189.5 de 17 180.6 B 13 
20 150.2 hi 24 158.8 h 27 129.9 j 30 109.7 k 48 278.5 a 22 165.4 C 22 
30 91.6 pq 54 95.7 k 56 94.6 k 49 74.2 mn 65 143.6 j 56 99.9 D 37 
40 75.9 mn 62 81.0 lm 63 65.6 no 65 55.7 op 74 100.8 k 37 75.8 E 56 
Mean 139.8 C  147.0 B  130.6 D  124.4 E  188.1 A    
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
Mean values of different types of coatings sharing the same letter(s) do not differ at p = 0.05 according to LSD test 
Mean values of different rates sharing same letter (s) given in column do not differ at p = 0.05 according to LSD test 
* 
Italic values given in each column indicate % decrease in nitrification after 30 days at 24±2
o
C under controlled conditions.  
LSD value for ammonium contents: Rate (A) = 7.1751, Coating (B) = 6.0641, Interaction (A×B) = 16.044 
 LSD value for nitrate contents: Rate (A) = 4.6753, Coating (B) = 3.9514, Interaction (A×B) = 10.454
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and 60 days of incubation indicated that calcium carbide acted as a potent nitrification 
inhibitor and prolonged the existence of NH4
+
 in soil coming from urea up to 60 days 









 soil in control. 
4.1.1.4 Effectiveness of coating material 




 contents in 
soil has been graphically shown in Figure 4.1. Data is evident that the most effective 
coating on CaC2 was found with polyethylene as highest NH4
+
 contents in soils were 
present in soils where polyethylene coated CaC2 was applied, however, it was followed 
by paint coated CaC2 on the basis of prolonging NH4
+
 contents in the soils after 30 and 45 
days of incubation. On the basis of these results, polyethylene and paint coated CaC2 were 
selected to investigate the effect of CaC2 on growth and yield of sweet pepper under wire-
house conditions (see section II experiment 5 i.e. inhibition of oxidation of ammonium by 
CaC2).  
4.1.2 Discussion 
The inhibition of oxidation of NH4
+
 in CaC2 treated soil is due to release of CaC2 
dependent acetylene (C2H2). Calcium carbide releases C2H2 on hydrolysis in soil which is 
a potent inhibitor of oxidation of NH4
+
 (Mahmood et al., 2009). Acetylene is a well-
known nitrification inhibitor as narrated by many researchers (Walter et al., 1979; Berg et 
al., 1982; Hyman and Wood; 1985; Freney et al., 2000). Bronson and Mosier (1991), 
Chen et al. (1994) and Randall et al. (2001) stated that acetylene hinders Nitrosomonas 
activity and prolongs the NH4
+
 existence in the soil. There are many views about the 
acetylene inhibited oxidation of ammonium. Many researchers, particularly Walter et al. 
(1979), Berg et al. (1982), Freney et al. (1992) and Herrmann et al. (2007) had proposed 
that acetylene inhibits NH4
+
oxidation irreversibly by reacting with ammonia-
monooxygenase (AMO). The product formed by monooxygenase activity is a highly 
reactive unsaturated epoxide with a half-life such that it covalently binds only to the 
protein catalyzing the oxidation. Due to its mechanism-based inhibition, C2H2 causes an 
irreversible damage to AMO activity (i.e. loss of enzyme for Nitrosomonas) (Hyman and 
Wood, 1985). Moreover, Yaseen et al. (2012) also verified a complete nitrification 
inhibition due to C2H2. These results were similar to findings of Ahmad et al. (2009) who 
reported up to 82% reduction in oxidation of NH4
+
 in encapsulated calcium carbide 
(ECC) treated soils compared to soil without ECC (control).  
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Not only rates of application of calcium carbide affected the rate of oxidation but 
also the amount of release of acetylene from coated CaC2 grains played a key role for 
inhibiting oxidation of NH4
+
. The release of C2H2 from coated CaC2 usually depends on 
the features of material used for coating CaC2. Differences in NH4
+ 
contents in soils 
treated with coated CaC2 arose just because of variations in release of acetylene from 
different types of coated CaC2. All coating materials affected the oxidation of NH4
+
 
depending upon the rate of CaC2. Among five used coating materials, inhibition by 
polyethylene coating was statistically the highest (Figure 4.1) because polyethylene is 
comparatively more durable and less degradable (Mahmood et al., 2009). Mahmood et al. 
(2009) observed a clear difference in the released acetylene from CaC2coated with 
different materials in laboratory experiments. They, further, reported that variable 
releases of acetylene from different type of coated CaC2 also induced a distinct difference 
in the amount of ethylene produced. This inhibition in nitrification might be due to 
ethylene as it was also reported by Porter (1992). The main effect of coating materials at 
different intervals of time revealed that polyethylene coated CaC2,followedby paint 
coated CaC2 showed superiority over other coating materials as soils treated with 
polyethylene and paint coated CaC2 showed less NO3
-
 contents with higher NH4
+
 contents 
in soils treated with CaC2 after 30, 45 and 60 days of incubation (Figure 4.1).  
4.1.3 Conclusion 




in the soil up to 60 
days after incubation. Although, there were a lot of variations in NH4
+
contents at different 
time of interval but these variations were just because of rate of CaC2 and type of coating 
materials on CaC2. The results of this experiment suggest using polyethylene and painting 
as coating material on CaC2 in order to prolong the existence of NH4
+ 







 contents: LSD for 30 days = 5.2861, LSD for 45 days = 8.7086, LSD for 60 days = 6.0641 
NO3
-
 contents: LSD for 30 days = 3.3929, LSD for 45 days = 3.6624, LSD for 60 days = 3.9514 
 
Figure 4.1 Main effects of different coating materials (used for coating of CaC2) 
on ammonium and nitrate contents after 30, 45 and 60 days of 
incubation under controlled conditions (each value is mean of four 
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4.2 Experiment 2 
Determining effective rates of calcium carbide for improving seed 
germination and seedling vigor of sweet pepper 
4.2.1 Results 
4.2.1.1 Seed germination rate 
Seed germination was monitored every 24 h interval for a period up to 528 h in 
the controlled laboratory incubator (Table 4.4). After 96h, signs of early germination 
were observed in those plates treated with CaC2 compared to those plates not treated 
with CaC2. However, clear signs of germination in all plates whether treated with CaC2 
or not appeared at 120h of incubation period. So, data on germination percentage of seeds 
is presented in Table 4.4 after 96h of incubation period. It was noted that seeds in plates 
without CaC2 application (T1) consumed relatively more time for germination than seeds 
in plates containing 4 to 16 mg CaC2 per plate. At 120 h time interval, only 8.7% seed 
germination was recorded in plates where no CaC2 was applied (T1) but 16.7 to 33.3% 
seed germination was observed in those plates where 4 to 16 mg CaC2 per plate was 
applied. It is obvious from Table 4.4 that application of CaC2 (T3 to T9) enhanced seed 
germination compared to control (T1) at 120 h time interval. This increase was just 
because of ethylene effect as ethylene is well known to induce early seed germination by 
breaking seed dormancy. However, the effect was ethylene concentration dependent 
because on the application of higher doses of CaC2  i.e. 18 and 20 mg CaC2 per plate, 
seed germination was reduced from 33.3% (T9) to 16.7%, indicating the antagonistic 
effect of high dose of CaC2 on seed germination (Table 4.4). Our results indicated that 
increasing dose of CaC2up to certain level (2 to 16 mg per plate) favored the seed 
germination of sweet pepper. Results during early hours of incubation on seed 
germination are evident of this effect (Table 4.4). The effect of CaC2 when applied at 
lower concentrations, i.e. 2, 4 and 6 mg per CaC2 petri-plate (T2 to T4), did not 
significantly (p >0.05) affect the seed germination particularly after 120h of incubation. 
However, there was a significant increase (p <0.05) in seed germination in plates of 8 mg 
CaC2 per petri-plate (T5) and onwards (T6 to T9). So, seed dormancy breakage on the 
application of CaC2 was started in seeds of those plates where CaC2 was applied ≥8 mg 
per plate but ≤16 mg per plate. At 120 h time interval, application of CaC2 ˃16 mg per 








Table 4.4 Effect of different rates of calcium carbide on germination percentage of sweet pepper cv. Yolo Wonder F-1 under controlled conditions 
(each value is mean of 12 seeds.) 
Rate of CaC2 
(mg per plate) 
Growth Period (hours) 
Mean 
120 144 168 192 216 288 312 336 384 480 504 528 
0
*
 (T1) 8.3j 16.7ij 25.0h-j 33.3g-i 41.7f-h 66.7c-e 75.0b-d 83.3a-c 91.7ab 91.7ab 91.7ab 91.7ab 59.7 G - 
2 (T2) 8.3j 16.7ij 25.0h-j 33.3g-i 41.7f-h 66.7c-e 83.3a-c 100a 100a 100a 100a 100a 64.6 F 8 
4 (T3) 16.7ij 25.07hj 33.3g-i 41.7f-h 50.0e-g 66.7c-e 83.3a-c 100a 100a 100a 100a 100a 68.1 EF 14 
6 (T4) 16.7ij 25.0h-j 33.3g-i 41.7f-h 50.0e-g 75.0b-d 91.7ab 100a 100a 100a 100a 100a 69.4D-F 16 
8 (T5) 25.0h-j 33.3g-i 41.7f-h 50.0e-g 50.0e-g 75.0b-d 91.7ab 100a 100a 100a 100a 100a 72.2 C-E 21 
10 (T6) 25.0h-j 33.3g-i 41.7f-h 50.0e-g 58.3d-f 83.3a-c 100a 100a 100a 100a 100a 100a 74.3 CD 24 
12 (T7) 25.0h-j 33.3g-i 41.7f-h 50.0e-g 58.3d-f 91.7ab 100a 100a 100a 100a 100a 100a 75.0 BC 26 
14 (T8) 33.3g-i 41.7f-h 50.0e-g 66.7c-e 91.7ab 100a 100a 100a 100a 100a 100a 100a 81.9 A 37 
16 (T9) 33.3g-i 41.7f-h 50.0e-g 58.3d-f 75.0b-d 100a 100a 100a 100a 100a 100a 100a 79.9 AB 34 
18 (T10) 16.7ij 25.0h-j 33.3g-i 50.0e-g 58.3d-f 75.0b-d 83.3a-c 91.7ab 91.7ab 100a 100a 100a 68.7 EF 15 
20 (T11) 16.7ij 16.7ij 25.0h-j 41.7f-h 50.0e-g 66.7c-e 75.0b-d 75.0b-d 75.0b-d 83.3a-c 91.7ab 91.7ab 59.0 G -1 
Mean 20.5 H 28.0 G 36.4 F 46.9 E 56.8 D 78.8C 89.4 B 95.5 AB 96.2 AB 97.7A 98.5 A 98.5 A   
Values sharing same letter(s) in each column do not differ at p = 0.05 according to least significant test. 
Mean values sharing same letter (s) in each row do not differ at p = 0.05 according to least significant test. 
*Control containing CaSO4equivalent to Ca in CaC2 to neglect the effect of Ca on seedling growth. 
Italic values indicate % increase in mean germination rate over control (T1).  
LSD values: Growth period  (A) = 5.3920,  Rate of CaC2 (B)= 5.1624, Interaction (A×B)=17.883 
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compared to 16 mg per plate. Germination percentage also increased with incubation 
period and it was 100% after 312 h of incubation in plates of 12 mg CaC2 per plate or 
higher dose than this except18 and 20 mg per plate (Table 4.4). The doses of 14 and 16 
mg CaC2 induced not only the earliest signs of seed germination (p <0.05) but also 
showed the earliest 100% seed germination (Table 4.4). These rates, 14 and 16 mg CaC2 
per plate, thus appeared as optimum dose of CaC2 to break the seed dormancy of sweet 
pepper. It was noted that the germination percentage of seeds in plates having 2 to 12 mg 
CaC2 reached to 100% at 336 h but still there was relatively less germination percentage 
(91.7%) even at 528h in plates where either no CaC2 or ˃18 mg per plate was applied. 
Comparison of mean germination rates indicated (Table 4.4) that application of CaC2 at 
rates except 20 mg per plate enhanced 8 to 37% more seed germination compared to 
control (T1). It was finally concluded that seed treatment with optimum doses of CaC2 is 
prerequisite for breaking seed dormancy of sweet pepper, so as to get early and maximum 
seed germination for successful crop stand. The doses of 14 and 16 mg CaC2 induced not 
only the earliest signs of seed germination (p <0.05) but also showed the earliest 100% 
seed germination (Table 4.4). These rates, 14 and 16 mg CaC2 per plate, thus appeared as 
optimum doses of CaC2 to break the seed dormancy of sweet pepper. It was noted that the 
germination percentage of seeds in plates having 2 to 12 mg CaC2 reached to 100% at 
336h but still there were relatively less germination percentage (91.7%) even at 528h in 
plates where either no CaC2 or ˃18 mg per plate was applied. Comparison of mean 
germination rates indicated (Table 4.4) that application of CaC2 at rates except 20 mg per 
plate enhanced 8 to 37% more seed germination compared to control (T1). It was finally 
concluded that seed treatment with optimum doses of CaC2 is prerequisite for breaking 
seed dormancy of sweet pepper, so as to get early and maximum seed germination for 
successful crop stand.  
4.2.1.2 Seedling vigor 
Figures 4.2 and 4.3 show the effect of different rates of CaC2 on vigor variables 
such as seedling length (root and shoot), seedling fresh biomass and chlorophyll contents 
in leaves of sweet pepper during 528 h of laboratory incubation. It was found that root 
length increased with increasing dose of CaC2 up to 16 mg per petri-plate and the 
differences were found statistically significant (p ˂0.05). Applying greater than this rate, 




LSD value for root length = 0.0525, LSD value for shoot length = 0.0.0368 
Bars for each parameter with same letter(s) do not differ at p= 0.05 according to LSD test. 
 
Figure 4.2 Effect of different rates of calcium carbide on root and shoot length under 




LSD value for chlorophyll contents = 2.0277, LSD value for fresh biomass = 3.810 
Markers for each parameter with same letter(s) do not differ at p= 0.05 according to LSD test. 
 
Figure 4.3 Effect of different rates of calcium carbide on seedling fresh biomass and 
chlorophyll contents in leaves under control conditions after 528 h of 
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sweet pepper. Shoot length also increased with increasing concentrations of CaC2 up to 
16 mg per petri-plate; differences, however, were found more significant than that of root 
length (Figure 4.2). Shoot length, similar to root length, was reduced at 18 mg and further 
reduced at 20 mg dose of CaC2. At this dose (20mg CaC2 per petri-plate), both root and 
shoot length were found significantly smaller (p <0.05) compared to other doses even to 
the control treatment where no CaC2 was applied. These results reflected that higher 
doses of CaC2 especially greater than 16 mg per petri-plate had an antagonistic effect on 
the root and shoot growth of sweet pepper seedlings (Figure 4.2). Results revealed that 
application of CaC2 except 18 and 20 mg per plate improved shoot length by 4-61% while 
root length by 4-28% compared to control (0 mg CaC2 per plate). The effect of different 
doses of CaC2 on seedling biomass (root + shoot) can be seen from Figure 4.3. There was 
a significant effect (p ˂0.05) of CaC2 on the seedling fresh biomass though biomass, 
increased by 11 to 44% in treated seedlings compared to those treatments where no CaC2 
was applied. Seedlings, however, treated with dose higher than 16 mg were found 
relatively lighter in weight (p <0.05). The CaC2 dose higher than16 mg, thus also affected 
the total seedling biomass antagonistically (Figure 4.3). This antagonistic effect was also 
clearly noted in the case of chlorophyll contents in leaves of sweet pepper (Figure 4.3). 
An increase in the rates of CaC2 up to 16 mg induced the chlorophyll richness of the 
leaves, but the increase in chlorophyll contents was only significantly higher (p <0.05) at 
14 and 16 mg of CaC2 rates. Further higher rates, i.e. 18 and 20 mg per petri-plate caused 
a remarkable decrease in chlorophyll contents even lower than those seedlings in the 
control treatment.  
4.2.2 Discussion 
Calcium carbide can be claimed to have a plant growth regulator like activity due 
to its dual action as nitrification inhibitor and plant hormones. Due to the release of 
acetylene and ethylene gases, its impact on seed germination is very much obvious from 
the results. The results revealed that the time taken for sweet pepper seed germination and 
seedling emergence was reduced due to the application of CaC2.Study of anatomy of 
sweet pepper seed shows that it comprises a seed coat (testa) in which a curved filform 
embryo and an endoplasm are enclosed. This endosperm nearly fills the lumen of the seed 
not occupied by the embryo (Fahn, 1982).The process of seed germination occurs when 
the hydraulic extension force of the embryo exceeds the opposing force of the seed coat 
and the living endosperm tissues at the placental end (Bradford, 1986; Groot and Karssen, 
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1987). It has already reported by Abeles (1986) that ethylene stimulates the germination 
of plant seeds by promoting the embryonic hypocotyl cell expansion instead of acting on 
the enveloping tissues. Involvement of exogenously applied ethylene in seed germination 
is a widely accepted fact (Khan and Prusinski, 1989; Huang and Khan, 1992; Nascimento 
et al., 2001; Kepczynski et al., 2003), but the mechanistic details are poorly understood. 
Seeds have some ethylene responsive mechanisms. Promotion of germination by ethylene 
may also be explained on the basis of ethylene stimulation of degradative enzymes as 
demonstrated in many species (Cervantes et al., 1994; Petruzzelli et al., 2000). Some 
possibilities of ethylene involvement in seed germination may be due to:  i- by interacting 
with endogenous hormones e.g. abscisic acid; ii- by interaction with growth promoters 
required to maximize a given physiological response; iii- by interaction in physiological 
response; iv- by affecting enzyme synthesis and secretion (Ketring and Melouk, 1982). 
Improved seed germination of dormant peanut seeds has also been reported by Ketring 
(1997) by exogenous ethylene which overcomes the inhibitory effects of ABA on 
germination. A positive relation was observed to a critical concentration between calcium 
carbide and seed germination. As application of formulated CaC2 in appropriate dose 
could be able to release the right amount of ethylene in the soil that is why application of 
different rates of CaC2 affected seed germination and emergence is taking place in a 
different fashion. Application of 14 mg CaC2 per plate was found the best and appropriate 
rate of application regarding seedling emergence. This might be due to release of 
appropriate amount of ethylene in the proximity of seeds that stimulated seed germination 
in petri plates treated with CaC2. Less seedling emergence was observed in the treatments 
where CaC2 was applied at higher rates. Germination inhibition at comparatively higher 
rates of CaC2 has also been reported by Aslam et al. (2012) and Kashif et al. (2012).  
The results of this experiment provide information that application of calcium 
carbide at right rate could be useful for early germination and seedling emergence. 
Moreover, this information could be particularly useful for vegetable growers where they 
need early and fast growth of vegetables to fetch more benefit from the market. 
 Exogenous application of small amounts of ethylene (C2H4) in the rhizosphere is 
physiologically active in influencing the growth and development of sweet pepper plants 
(Arshad and Frankenberger, 2002). However, its higher amount can retard growth rather 
than to stimulate it (Machabée and Saini, 1991). Conclusively, slow and consistent 
release/conversion of C2H4 from C2H2 released from CaC2 is pre-requisite to obtain an 
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improved growth of vegetables (Muromtsev et al., 1995; Kashif et al., 2012). Moreover, 
results on root and shoot growth indicate 12 to 48% and 16 to 68% increase in root and 
shoot lengths, respectively because of CaC2 application compared to control (Sari et al., 
2001; Kashif et al., 2012; Yaseen et al., 2012).These results are likely to advocate to 
apply CaC2 in a formulated form i.e. with some coating on it so that upon its application 
to soil, it releases acetylene and ethylene gases in required amount, slowly but constantly 
in the rhizosphere (Kashif et al., 2007). Therefore, later studies of this project were 
conducted with coated CaC2. 
4.2.3 Conclusion 
This study suggests that use of 14 mg per plate is an optimum rate of CaC2 to 
break seed dormancy of sweet pepper. Moreover, results suggest that the seed 
germination and seedling vigor of vegetable seeds can be improved by the use of CaC2. 
Application of CaC2 as soil amendment can result in a successful crop stand and provide 
strong foundation for the better growth and yield of vegetables particularly of sweet 
pepper. However, there is need to use some inhibitor of ethylene biosynthesis to make 
CaC2 more effective tool for improving seed germination and seedling growth as a 
significant reduction in seed germination and different seedling parameters was observed 
due to excessive release of ethylene from CaC2. For this, salicylic acid is a strong 
candidate that can be used to alleviate the unexpected outcome of ethylene in the case of 
dramatic and abrupt release of ethylene from CaC2.  
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4.3 Experiment 3 
Effect of seed priming with salicylic acid on seed germination and seedling 
growth of sweet pepper 
4.3.1 Results 
Prior to investigating the response of higher rates of CaC2 with and without 
salicylic acid on the seed germination and seedling vigor of sweet pepper, a study was 
planned to check the effect of seed priming with salicylic acid on the seed germination 
and different seedling growth parameters because different researchers have reported that 
effect of salicylic acid is entirely concentration dependent. Therefore, final objective of 
this study was to find out the rates of SA that can be used alone or along with CaC2 for 
early seed germination and successful crop stand. Therefore, all controlled conditions 
were kept constant as in experiment 2 (effect of CaC2 on seed germination) except 
treatment plan. Details of results related to variations in seed germination percentage and 
seedling vigor as a result of seed priming with SA are given below:  
4.3.1.1 Relative seed germination 
This study was conducted to investigate the germination response of sweet pepper 
due to priming with SA under controlled conditions of the laboratory (Table 4.5). Seeds 
priming with SA was carried out at different rates ranging from 0.05 to 0.6 mM. Seed 
germination was monitored for a maximum of 528 h in the controlled laboratory 
incubator as mentioned in experiment 2 for CaC2. The results of this experiment indicated 
that the effect of SA on germination percentage was less obvious as compared to CaC2. 
During the early periods of growth, i.e. after 120 h of incubation, germination percentage 
was not affected by priming with SA except one treatment of intermediate dose (0.2 mM) 
which stimulated relatively more seed germination and showed greater germination 
percentage (p <0.05). Further increase in SA application rate did not increase germination 
percentage; rather lesser seed germination was observed even at 0.5 mM SA. With 
increasing the time of incubation until 288 h, a similar pattern of seed germination in 
response to SA priming was observed. However, relatively more number of seeds 
germinated in plates with an intermediate dose of SA, 0.2 mM. Higher doses of SA 
showed antagonistic effect on seed germination particularly higher than 0.3 mM SA dose, 
especially addition of 0.5 and 0.6 mM at 168 h of incubation. Similar trends in seed 
germination were checked after 192, 216 and 288 h of incubation i.e. seed germination 







Table 4.5 Effect of different rates of salicylic acid on germination percentage of sweet pepper cv. Yolo Wonder F-1 under controlled 
conditions 




Growth Period (hours) 
Mean 
120 144 168 192 216 288 312 336 384 480 504 528 
Control   (T1) 8.3j 16.7ij 25.0h-j 33.3g-i 41.7f-h 66.7c-e 75.0b-d 83.3a-c 91.7ab 91.7ab 91.7ab 91.7ab 59.7 B 0 
0.05 mM (T2) 8.3 hi 16.7 g-i 25.0 f-h 33.3 e-g 41.7 ef 66.7 cd 83.3 a-c 100 a 100 a 100 a 100 a 100 a 64.6 B 8 
0.1 mM   (T3) 8.3 hi 16.7 g-i 25.0 f-h 33.3 e-g 41.7 ef 66.7 cd 91.7 ab 100 a 100 a 100 a 100 a 100 a 65.3 B 9 
0.2 mM   (T4) 16.7g-i 25.0 f-h 41.7 ef 50.0 de 66.7 cd 100 a.0 100 a 100 a 100 a 100 a 100 a 100 a 75.0 A 26 
0.3 mM   (T5) 8.3 hi 25.0 f-h 33.3 e-g 33.3 e-g 41.7 ef 83.3 a-c 100 a 100 a 100 a 100 a 100 a 100 a 68.7 B 15 
0.4 mM   (T6) 8.3 hi 16.7 g-i 16.7 g-i 25.0 f-h 33.3 e-g 75.0 bc 91.7 ab 100 a 100 a 100 a 100 a 100 a 63.9 B 7 
0.5 mM   (T7) 8.3 hi 25.0 f-h 25.0 f-h 25.0 f-h 33.3 e-g 75.0 bc 91.7 ab 100 a 100 a 100 a 100 a 100 a 65.3 B 9 
0.6 mM   (T8) - 8.3 hi 8.3 hi 16.7 g-i 25.0 f-h 66.7 cd 75.0 bc 75.0 bc 75.0 bc 75.0 bc 83.3a-c 83.3a-c 49.3 C -17 
Significance              SA rates
**
                 Growth period 
**
       SA rates × Growth period*  
Mean 8.3 G 18.8 F 25.0 EF 31.2 E 40.6 D 75.0 C 88.6 B 94.8 A 95.8 A 95.8 A 96.9 A 96.9 A   
Values sharing same letter(s) do not differ at p = 0.05 according to LSD test.
*Significant (p ˂ 0.05), ** Highly significant (p ˂ 0.01), ***seeds were prime for three 
hours under aerobic conditions. In control treatment (T1), seeds were primed with distilled water in the same way as done for SA. 
Italic values indicate % increase in mean germination rate over control (T1). 









effect was observed at higher doses especially at 0.6 mM SA. Germination percentage, 
however, increased with increasing the incubation period and seeds were germinated to 
100% after 336 h even in 0.5 mM SA treatment. After 336 h of incubation and onwards, 
100% of seeds were germinated in all treatments except in two treatments, one where 
seed priming was done with the highest dose of SA i.e. 0.6 mM and another where seed 
priming with deionized water was conducted.  
4.3.1.2 Seedling vigor 
 Data in Table 4.6 show the impact of seed priming with different rates of SA on 
vigor variables, electrolyte leakage and chlorophyll contents in the leaves of sweet 
pepper. Results showed a significant increase (p <0.05) in root length of seedlings of the 
plates having seeds primed with 0.1 to 0.4 mM SA. Increase in root length was observed 
with increase in SA doses but reduction in root length was observed at high dose of SA 
i.e. 0.5 mM (Figure 4.4). This decrease in root and shoot length was greater and more 
significant (p <0.05) with higher doses of SA especially 0.5 and 0.6 mM of SA (Table 
4.6). Effect of SA on seedling biomass was not prominent as almost similar biomass was 
noted in all treatments except that of intermediate dose of SA, i.e. 0.2 to 0.4 mM SA. 
Here biomass was the highest (Figure 4.5). Effect of SA was the most obvious on 
chlorophyll contents of the leaves. Chlorophyll contents decreased upon seed priming 
with higher doses of SA (Figure 4.5). This decrease in chlorophyll contents was gradual 
and was more significant (p <0.01) at high doses of SA. Lowest contents of chlorophyll in 
leaves were measured when seeds were primed with the highest dose of SA i.e. 0.6 mM. 
Higher doses, i.e. 0.5 and 0.6 mM of SA antagonistically affected seedling length (root 
and shoot), seedling fresh biomass (root+shoot), chlorophyll contents and electrolyte 
leakage (Table 4.6). 
4.3.2 Discussion 
Seed priming is an effective technique to enhance rapid and uniform emergence 
and to achieve high vigor and better yields in vegetables (Conrath et al., 2002). In 
addition to better establishment, primed seed vegetables grew more vigorously, flowered 
earlier and yielded higher (Farooq et al., 2007). Moreover, seed priming reduced 
possibilities for mechanization or lower pieces of inhomogeneous plant batches 
(Ghiyasi et al., 2008).Seed priming increases speed and uniformity of germination 
(Ghiyasi et al., 2008) by inducing changes in seed physiology (Dat et al., 1998). Use of  
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Table 4.6 Effect of different rates of salicylic acid on vigor variables and total 
chlorophyll contents in leaves of sweet pepper seedlings (cv. Yolo Wonder F-
1) under controlled conditions after 528 h of incubation (each value is the 

















0      (T1) 1.53 b 1.26 ab 44.75 c 39.9 a 0.089 ab 
0.05 (T2) 1.54 b 1.28 ab 46.99 bc 35.2 b 0.093 ab 
0.1   (T3) 1.62 ab 1.32 ab 52.63 b 25.9 c 0.095 ab 
0.2   (T4) 1.70 ab 1.38 ab 53.70 b 20.8 d 0.099 ab 
0.3   (T5) 1.74 ab 1.51 a 51.91 bc 21.3 d 0.102 a 
0.4   (T6) 1.83 a 1.55 a 69.56 a 22.4 d 0.110 a 
0.5   (T7) 1.25 c 1.24 ab 51.46 bc 38.7 a 0.058 bc 
0.6   (T8) 1.10 c 1.14 b 48.33 bc 40.4 a 0.035 c 
Significance 
* * ** ** * 
LSD value 0.2492 0.0148 7.8188 3.078 0.0408 
Values in column sharing same letter(s) do not differ at p = 0.05 according to LSD test.  
* Significant (p ˂ 0.05), ** Highly significant (p ˂ 0.01), SA = Salicylic acid 
RL = root length, SL = shoot length, EL = electrolyte leakage, Chl. = chlorophyll contents 
Note: seeds were primed with three hours under aerobic conditions. In control treatment (T1), seeds were 
primed with distilled water in the same way as done for SA. 
 
 
Markers with same letter(s) do not differ at p= 0.05 according to LSD test (LSD = 3.078). 
Bars for root length with same letter(s) do not differ at p= 0.05 according to LSD test (LSD = 0.249). 
Bars for shoot length with same letter(s) do not differ at p= 0.05 according to LSD test (LSD = 0.0158). 
 
Figure 4.4 Effect of different rates of salicylic acid on root and shoot length and 
electrolyte leakage in sweet pepper seedlings (cv. Yolo Wonder F-1) under 































































Concentration of salicylic acid (mM)  




Markers with same bold letter(s) do not differ at p= 0.05 according to LSD test (LSD = 0.0408). 
Bars with same letter(s) do not differ at p= 0.05 according to LSD test (LSD = 7.8188). 
 
Figure 4.5 Effect of different rates of salicylic acid on fresh biomass and total 
chlorophyll contents in leaves of sweet pepper seedlings (cv. Yolo Wonder 
F-1) under controlled conditions after 528 h of incubation (each value is the 
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salicylic acid as a seed priming agent is more valuable than other priming techniques like 
osmohardening, vitamin priming and hydropriming (Farooq et al., 2007, 
2009).Germination of SA primed seeds earlier than hydro-primed seeds (Table 4.5) might 
be due to physiological role of SA in seed dormancy breakage (Raskin, 1992) but exact 
mechanism is still unknown. The breakage of seed dormancy due to SA priming, 
currently, have been reported by several researchers particularly by Asadi et al. (2013), 
Agostini et al. (2013),  Khamseh et al. (2013), Baninasab and Baghbanha (2013) and 
Naderi et al. (2013). This decrease in germination time due to priming with SA is surely 
due to the physiological activity of SA as similar findings are reported by Naderi et al. 
(2013). Similar findings were also reported by Baninasab and Baghbanha (2013) for 
cucumber seeds when cucumber seeds were treated with SA. Likewise, Farooq et al. 
(2009) also observed a reduction time for seed germination after SA seed treatment. 
 Seeds primed with 0.4 mM SA performed better due to SA concentration 
dependent response (Table 4.5). Seed germination in response to different concentrations 
of SA is variable and depended upon type of environmental conditions or crop (Agarwal 
et al., 2005). For example, Naderi et al. (2013) observed highest seed germination 
percentage and physiological changes at 0.7 mM SA but Agostini et al. (2013) noted 
parallel findings at 0.01 mM SA. Significant improvement in seedling vigor in SA treated 
seeds might be due to more photosynthetic activity in seedlings because there were more 
chlorophyll contents that provided photosynthates for more seedling vigor (Table 4.6). 
This might be due to upsurge of different antioxidants and protein contents in seedlings as 
Rajjou et al. (2006) described such improvements in seedling vigor variables due to more 
peroxidase and catalase activities in plant cells  after SA treatment (Rock and Quatrano, 
1995). Moreover, Deef (2007) found a dramatic increase in antioxidant and glutathione 
activities, betaine and proline in SA treated seedlings of wheat and barley. Comparatively 
low electrolyte leakage in SA treated seedlings (Figure 4.4) was observed than that of 
control. According to Shakirova (2007), low electrolyte leakage in seedlings treated with 
SA is because of a reduction in lipid peroxidation and less generation of superoxide 
radicals. Increase in seedling biomass (graphically shown in Figure 4.5) can be 
consequences of greater superoxide dismutase (SOD) activity (Shakirova et al., 2003) and 
other antioxidants as were reported by Cag et al. (2009). The increased seedling fresh 
biomass might be because of synchronized germination and enhanced nucleic acid 
synthesis as it is believed that priming increased nuclear replication in seedlings. Our 
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results were in line with the findings of Habibi and Abdoli (2013) who also concluded 
that SA was helpful to increase root and total seedling length and dry weight. 
4.3.3 Conclusion 
From the results of this study, it can be concluded that seed priming with SA is 
very useful for early germination of seeds and successful crop stand. It can also be 
concluded from the results that SA concentrations ˂0.4 mM are the most effective 




4.4 Experiment 4 
Effect of calcium carbide dependent released ethylene with and without 
salicylic acid on seed germination and seedling vigor of sweet pepper 
4.4.1. Results 
4.4.1.1Background 
In experiment 2, effect of application of alone CaC2 on the seed germination and 
seedling vigor was explored where seed germination percentage and seedling growth 
variables were increased with increasing dose of CaC2 but up to 16 mg, however, a 
significant decrease (p ˂0.05) in these growth variables was observed at higher doses of 
CaC2 i.e. 18 and 20 mg per plate (Table 4.7). This decrease in growth and germination 
was occurred as a result of more release of acetylene or ethylene from the CaC2. This 
decrease in germination and seedling vigor at high dose of CaC2 has already been 
reported by different researchers particularly by Mahmood et al. (2007), Aslam et al. 
(2012), Kashif et al. (2012) and Yaseen et al. (2012) for wheat, sweet pepper, okra, 
tomato and other vegetables, respectively. But, yet no work has been reported to indicate 
how to mitigate injurious effects induced by excessive ethylene either from overdose of 
CaC2, or resulting from some environmental disorders, on seed germination and seedling 
vigor. For this purpose, this experiment was planned to evaluate the comparative effect of 
CaC2 dependent ethylene with and without salicylic acid. On the basis of results from 
experiment 2 i.e. effect of CaC2 on seed germination (Table 4.7), the response of seed 
germination and seedling growth to extremely high concentrations of C2H4 released from 
16, 18 and 20 mg CaC2 per plate with and without SA was investigated by keeping all the 
factors constant. Results on variation in different variables of seed germination and 
seedling vigor under combined and alone application of SA and CaC2 are given in Tables 
4.8 to 4.14. 
4.4.1.2 Seed germination rate 
The germination response was examined for 22 days with an interval of 24h 
and means were calculated (Table 4.8). After 96 h of incubation period, signs of early 
germination were seen in only CaC2 containing plates. However, obvious signs of 
germination with 8 to 33% germination rate were recorded in all treatments with 
maximum germination rate (33%) in 16 mg CaC2, 18 mg CaC2 plus 0.3 to 0.4 mM SA 
and 20 mg CaC2 plus 0.4 to 0.5 mM SA (Table 4.8). In plates without addition of CaC2 
and SA i.e. control seeds showed very poor germination percentage throughout the 
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Table 4.7 Variations in seeds germination percentage, seedling vigor and leaf chlorophyll 
contents as influenced by CaC2 dependent ethylene under controlled 
conditions (Summarized results of experiment 2 i.e. effect of CaC2 on seed 
germination) 


































 66.7 c-e 51.4 d 1.51 e 1.14 de 19.35 c 
2 66.7 c-e 57.1 cd 1.57 d 1.18 c-e 20.0 bc 
4 66.7 c-e 58.2 cd 1.65 ac 1.23 b-e 21.1 bc 
6 75.0 b-d 59.7 cd 1.71 c 1.27 a-e 20.8 bc 
8 75.0 b-d 61.0 bc 1.76 b 1.30 a-e 20.4 bc 
10 83.3 a-c 62.9 bc 1.83 b 1.44 a-d 21.0 bc 
12 91.7 ab 69.3 ab 1.88 ab 1.74 a-c 21.7 bc 
14 100 a 74.0 a 1.94 a 1.83 a 28.7 a 
16 100 a 62.7 bc 1.89 a 1.79 ab 24.1 b 
18 75.0b-d 37.1 e 0.90 f 0.79 ef 21.4 bc 
20 66.7c-e 19.9 f 0.47 g 0.38 f 17.9 c 
LSD value 2.1232 3.810 0.0525 0.0.0368 2.0277 
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
* 
After 288 h of incubation, 
**




Table 4.8 Comparative effects of different rates of calcium carbide and salicylic acid on germination rate (%) of 







Growth period (hours) Mean  
(SA) 
Mean 
(CaC2) 120 168 216 288 312 384 528 
0 
0 8 j 25 h-j 42 f-h 67 c-e 75 b-d 92 ab 92 ab 59.7 EF 
58.8 B 
0.1 8 j 25  h-j 42 f-h 67 c-e 92  ab 100 a 100 a 65.3 A-C 
0.2 17 i-k 42  ef 67 c-e 100 a.0 100 a 100 a 100 a 75.0 AB 
0.3 8 j 33 g-i 42 f-h 83 a-c 100 a 100 a 100 a 68.8 A-C 
0.4 8 j 17 i-k 33 g-i 75 b-d 92 ab 100 a 100 a 63.9 A-C 
0.5 8 j 25 f-h 33 g-i 75 b-d 92 ab 100 a 100 a 65.3 A-C 
16 
0 33 g-i 50 e-g 92 ab 100a 100a 100 a 100 a 81.9 A 
62.3 A 
0.1 17 i-k 33 g-i 50 e-g 58 d-f 67 c-e 83 a-c 100 a 42.9 G 
0.2 25 h-j 42 f-h 58 d-f 67 c-e 75 b-d 100 a 100 a 66.7 A-C 
0.3 25 h-j 42 f-h 58 d-f 67 c-e 75 b-d 100 a 100 a 66.7 A-C 
0.4 17 i-k 33 g-i 50 e-g 58 d-f 67 c-e 83 a-c 92 ab 58.3 D-F 
0.5 8 jk 33 g-i 50 e-g 58 d-f 67 c-e 83 a-c 92 ab 44.0 G 
18 
0 17 i-k 33 g-i 58 d-f 75 b-d 83 a-c 92 ab 100 a 68.7 A-C 
61.7 A 
0.1 17 i-k 33 g-i 50 e-g 58 d-f 67 c-e 83 a-c 92 ab 66.7 A-C 
0.2 17 i-k 33 g-i 50 e-g 58 d-f 67 c-e 83 a-c 100 a 71.4 AB 
0.3 33 g-i 50 e-g 67 c-e 75 b-d 83 a-c 92 ab 100 a 45.2 G 
0.4 33 g-i 50 e-g 67 c-e 75 b-d 83 a-c 100 a 100 a 63.1 C-E 
0.5 17 i-k 33 g-i 50 e-g 58 d-f 67 c-e 83 a-c 92 ab 57.1 EF 
20 
0 17 ij 25 h-j 50 e-g 67 c-e 75 b-d 75 b-d 92 ab 59.0 G 
52.6 C 
0.1 16.7ij 17 i-k 33 g-i 42 f-h 50 e-g 75 b-d 83 a-c 72.6 AB 
0.2 16.7ij 17 i-k 33 g-i 42 f-h 50 e-g 75 b-d 92 ab 53.6 F 
0.3 16.7ij 17 i-k 33 g-i 42 f-h 50 e-g 75 b-d 100 a 56.0 EF 
0.4 33 g-i 50 e-g 67 c-e 75 b-d 83 a-c 100 a 100 a 57.1 EF 
0.5 33 g-i 50 e-g 67 c-e 75 b-d 83 a-c 100 a 100 a 72.6 AB 
Mean (Time) 15.6 G 15.6 G 31.6 F 49.0 E 64.9 D 74.3 C 88.5 B 95.8 A  
Mean values sharing same letter(s) in column and row do not differ at p = 0.05 according to LSD test. Italic values sharing same letter(s) do 
not differ at p = 0.05 according to LSD test. Values sharing same small alphabet (s) do not differ at p = 0.05 according to LSD test. 
LSD values: Growth period (A) = 5.34, SA (B) = 6.54, CaC2 (C)= 5.34, A×B  = 13.07, A×C = 10.67, B×C = 13.07, A×B×C = 6.15 
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incubation period; however, seeds primed with SA showed better germination percentage 
and it might be due to physiological role of SA in seed germination. In plates, seeds 
treated with CaC2 and no SA priming, showed reduction in germination rate, however, the 
reduction in germination rate was minimized when higher doses of CaC2 were applied in 
plates containing seeds primed with different rates of SA (Table 4.8). At 288h of 
incubation period, early and complete seed germination i.e. 100% germinating rate was 
recorded in the plates of 16 mg CaC2 per plate. Seeds showed ethylene stress on 
germination in term of late, poor and low germination percentage throughout the 
incubation period as the dose of CaC2 exceeds from 16 mg per plate. However, this 
situation was improved in seeds treated with high doses of CaC2 and SA. Seeds primed 
with SA germinated earlier (at 288 h of incubation period) in 18 mg or onward CaC2 
treated plates compared to seeds where CaC2 was applied to seeds primed with water 
only. The improvement in seed germination against excessive doses of CaC2 was found 
SA concentration dependent. Results indicated that seeds primed with low concentration 
of SA were less prone to high dose of CaC2 and vice versa. 
4.4.1.3 Seedling length 
  Alone application of either SA or CaC2 significantly (p˂0.05) affected length of 
sweet pepper seedlings (root+shoot). Similar effect of alone application of SA and CaC2 
was also observed on shoot length (Table 4.9). However, the reduction in seedling length 
as a consequence of high dose of CaC2 was recovered in those treatments where SA was 
applied along with high dose of CaC2 (Table 4.9). On alone application of 18 mg CaC2 
per plate shorter seedlings with 0.58 cm root length and 0.50 cm shoot length were 
observed but application of CaC2 along with SA increased root and shoot length of 
seedlings many fold compared to that of application of alone CaC2, respectively. Similar 
trend was also observed in the case of combined application of 20 mg CaC2 and SA. 
These results indicate that SA application had a synergetic effect and developed 
resistance against the excessive CaC2 dependent released ethylene. Moreover, it was also 
observed that combined application of SA even at optimum dose of SA was also found 
beneficial because on combined application of 16 mg CaC2 and SA, root length was 
increased from 2 to 33% while shoot length from 4 to 41% compared to alone application 









Table 4.9 Comparison effect of salicylic acid and calcium carbide on root and shoot length (cm) of sweet pepper seedlings under controlled 








0    16 18 20 
Root Shoot Root Shoot Root Shoot    Root    Shoot    Root    Shoot 
0 1.31 gh 1.14 i 1.53 f-h 1.26 g-i 0.58 i 0.50 j 0.30 i 0.24 j 0.92 C 0.79 D 
0.1 1.53 f-h 1.30 g-i 1.60 c-h 1.31 f-i 1.70 b-g 1.32 f-i 1.58 d-h 1.39 e-i 1.60 B 1.33 C 
0.2 1.70 b-g 1.38 e-i 1.95 a-f 1.62 a-f 1.92 a-f 1.40 d-i 1.63 c-h 1.48 c-h 1.80 AB 1.47 BC 
0.3 1.74b-g 1.51 b-h 2.04 a-c 1.78 a-c 2.00 a-d 1.70 a-d 1.66 c-h 1.53 a-h 1.86 A 1.63 A 
0.4 1.85a-f 1.55 a-g 1.57 d-h 1.37 e-i 2.19 a 1.82 a 1.98 a-e 1.64 a-e 1.90 A 1.60 AB 
0.5 1.25h 1.24 hi 1.56 e-h 1.34 e-i 1.55 e-h 1.36 e-i 2.12 ab 1.80 ab 1.62 B 1.44 C 
Mean 1.56B 1.35 A 1.71 A 1.45 A 1.63 AB 1.35 A 1.54 B 1.35 A   
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. Italic values sharing same letter(s) in each column do not differ at p = 0.05 
according to LSD test. Mean effect of CaC2 for shoot (italic) and root given in row do not differ at p = 0.05 according to LSD test. SA = Salicylic acid  
LSD values for shoot length: Rate of SA (A) = 0.1545, Rate of CaC2 (B) = 0.1262, A×B =0.3091 










SA = Salicylic acid, CaC2 = Calcium carbide 
 
Figure 4.6 Showing comparative effect of CaC2 with and without SA application on 





4.4.1.4 Seedling fresh biomass 
  It is obvious from the data in Tables 4.7 and 4.10 that application of high rates of 
calcium carbide induced a significant reduction (p ˂0.05) in fresh biomass of seedlings 
when applied alone. However, the combined application of high dose of CaC2 and SA 
caused an increase in fresh biomass of seedlings. In treatment containing alone 16 mg 
CaC2, fresh biomass was 65.8 mg plant
-1
; however, it improved and ranged from 68.3 to 
93.3 mg plant
-1
 when 16 mg CaC2 was applied along with SA. Similarly, 26.9 mg plant
-1
 
biomass in 18 mg CaC2 treatment was increased to from 70 to 94.2 mg plant
-1
 on 
combined application of SA and 18 mg CaC2. Seedlings treated with 20 mg CaC2 but no 
SA had minimum biomass per plants (13.4 mg  plant
-1
) while the biomass of plants 
treated with 20 mg CaC2 and SA together ranged from 73.2 to 96.3 mg plant
-1
. Thus, pre-
treatment of seeds with SA was successful to prevent the detrimental effects of high dose 
of CaC2 dependent released ethylene. Compared to control (without CaC2 and SA 
application), fresh biomass per plant decreased by 55 to 77% due to higher doses of CaC2, 
however, application of SA alongside high dose of CaC2 mitigated the injurious effects of 
CaC2 on seedling growth and increased biomass over that of treated alone CaC2. 
4.4.1.5 Seedling chlorophyll contents 
  Similar to changes in seedling biomass, a significant reduction in chlorophyll 
contents on the application of high rates of calcium carbide (Tables 4.7 and 4.10) was 
observed. However, this reduction in chlorophyll contents was reversed when higher rates 
of CaC2 were used along with SA (Table 4.10).  
4.4.1.6 Release of ethylene from seedlings 
 Data concerning ethylene released from seedlings of sweet pepper in petri-plates 
under alone and combined application of salicylic acid and calcium carbide after 168h of 
incubation period is shown in Table 4.11. The GC analysis of the sample collected from 
petri-plates showed a significant difference (p ˂0.05) in ethylene releasing from seedlings 
treated with CaC2 either with or without SA. Plants treated with both SA and CaC2 
showed a significant decrease in ethylene released from seedlings (Table 4.11). Data in 
Table 4.11 revealed that seedlings treated with SA without CaC2 suppressed that the 
release of C2H4 from seedlings. The ethylene released from these seedlings was ranged 
from 2.67 to 2.78 nmol per plate which was much lower than that of control. In the 
absences of CaC2, production of low C2H4 may be one of main cause of seed growth at 





Table 4.10 Comparative effect of salicylic acid and calcium carbide on sweet pepper seedling chlorophyll content and biomass under controlled 
conditions after 528 h of incubation 
SA 
(mM) 









 Weight Chl. Weight Chl. Weight Chl. Weight Chl. 
0 59.2 e 17.5 g-i 65.8 de 19.3 f-h 26.9 f 16.4 hi 13.4 f 13.1 i 16.6 D 41.3 D 
0.1 68.9 de 20.4 e-h 69.2 de 20.7 d-h 70.8 c-e 20.7 d-h 73.2 b-e 23.3 a-f 21.3 BC 70.5 C 
0.2 72.1b-e 21.1 d-h 84.2 a-d 25.2 a-d 74.1 b-e 21.2 d-g 81.7 a-d 24.3 a-e 23.0 AB 78.0 A-C 
0.3 73.2 b-e 21.6 d-g 93.3 ab 27.9 a 81.7 a-d 23.0 b-f 83.3 a-d 23.6 a-f 24.0 A 82.9 AB 
0.4 78.8 a-e 20.5 d-h 77.7 a-e 22.3 c-g 94.2 ab 24.8 a-e 92.7 a-c 27.0 a-c 23.6 AB 85.9 A 
0.5 62.5 de 12.7 i 68.3 de 20.5 d-h 70.0 de 20.9 d-h 96.3 a 27.5 ab 20.4 C 74.3 BC 
Mean 69.1 A 19.0 B 76.4 A 22.7 A 69.6 A 22.4 A 73.4 A 23.1 A   
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. Italic values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
Mean effect of CaC2 for shoot (italic) and root given in row do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
*seedling (root+shoot) fresh mass (mg plant-1),**chlorophyll contents measured by portable chlorophyll contents (SPAD) 
LSD values for fresh biomass: Rate of SA (A) = 0.0111, Rate of CaC2 (B) = 0.0091, A×B =0.0222 
LSD values for chlorophyll contents: Rate of SA (A) = 2.4310, Rate of CaC2 (B) = 1.9849, A×B =4.8620 
 
Table 4.11 Comparative effect of salicylic acid and calcium carbide on ethylene released from sweet pepper seedlings (nmol plate
-1
) under controlled 
conditions after 168 h of incubation period 
Rate of SA 
(mM) 




0 16 18 20 
0 2.81 r 13.13 l 17.34 f 24.62 a 14.47 A 
0.1 2.78 rs 12.35 m 16.64 g 24.12 b 13.97 B 
0.2 2.75 r-t 11.03 q 15.95 h 22.65 c 13.10 C 
0.3 2.72 r-t 11.16 p 14.56 k 20.43 e 12.22 F 
0.4 2.70 st 11.43 n 15.08 i 20.68 d 12.47 D 
0.5 2.67 t 11.30 o 14.91 j 20.68 d 12.39 E 
Mean 2.74 D 11.73 C 15.75 B 22.20 A  
Values sharing same small alphabet (s) in do not differ at p = 0.05 according to LSD test. Mean values of CaC2 or SA with same letter(s) do not differ at p = 0.05 
according to LSD test. LSD values: Rate of SA (A) = 0.0431, Rate of CaC2 (B) = 0.0528, A×B =0.1057, SA = Salicylic acid 
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an increase in C2H4 concentration released from seedlings occurred with increasing dose 
of CaC2 i.e. from 13.13 nmol C2H4 in seedlings treated with 16 mg CaC2 to 24.62 nmol 
C2H4 in seedlings treated with 20 mg CaC2 (Table 4.11).The effect of CaC2×SA 
interaction was also found significant (p ˂0.05). A significant fall in C2H4 concentration 
from seedlings took place when CaC2 was applied along with SA but the effect was found 
concentration dependent. Ethylene released from plates treated with CaC2 and a seed 
primed with SA was comparatively less than those plates with alone CaC2 application. 
For example, the released C2H4 from plates with 16 mg CaC2 and SA combined 
application was recorded from 11.03 to 12.35 nmol compared to 13.13 nmol recorded 
from plates treated with alone 16 mg CaC2. Similarly, from plates containing both SA and 
18 mg CaC2 released C2H4 ranged from 14.56 to 24.12 nmol compared to 24.62 nmol 
from plates treated with 18 mg CaC2 without SA.  
4.4.1.7Salicylic acid in seedlings 
  To find out link between seedling SA contents and C2H4 released from seedlings, 
the concentration of SA in seedlings was also determined and data related to SA contents 
in seedlings is given in Table 4.12. Application of CaC2 without SA did not significantly 
affect SA contents of seedlings; however, its application along with SA improved SA 
contents. Seedlings treated with both SA and CaC2 were enriched in SA contents 
compared to application of alone CaC2. Lower SA contents in 16 mg CaC2 per plate 
(0.112 mg g
-1
) were improved to 0.234 mg g
-1
 when 16 mg CaC2 was applied along with 
0.5 mM SA. Similarly,115 mg g
-1
(18 mg CaC2) increased to 0.236 mg g
-1
(18 mg CaC2 + 
0.5 mM SA) while 0.117 mg g
-1 
(20 mg CaC2) to 0.239 mg g
-1
 (20 mg CaC2 + 0.5 mM 
SA) etc.  
  Data on SA contents in CaC2×SA interaction indicated that application of CaC2 
along with SA not only regulated ethylene released from seedlings (Table 4.11) but also 
improved SA contents in seedlings (Table 4.12). Therefore, it can be concluded that 
combined application of SA and CaC2 is more desirable approach to break seed dormancy 
of vegetables particularly of sweet pepper. Results revealed that SA not only improved 
effectiveness of C2H4 but also enabled tender seedlings to tolerate high concentration of 
C2H4 released from CaC2. 
4.4.2. Discussion 
  In the light of results of experiment 2, in section 4.2.2 and findings of different 
researchers, results of experiment 4 also discussed how calcium carbide improves seeds  
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Table 4.12 Comparative effect of salicylic acid and calcium carbide on salicylic acid 
contents (mg g
-1
) of sweet pepper seedlings under controlled conditions after 
168h of incubation period 
Rate of SA 
(mM) 




0 16 18 20 
0 0.111 t 0.112 t 0.115 s 0.117 r 0.114 F 
0.1 0.158 q 0.169 p 0.171 o 0.172 n 0.168 E 
0.2 0.185 m 0.186 l 0.199 k 0.201 j 0.193 D 
0.3 0.187 l 0.202 j 0.202 j 0.204 i 0.198 C 
0.4 0.212 h 0.227 f 0.229 e 0.231 d 0.225 B 
0.5 0.219 g 0.234 c 0.236 b 0.239 a 0.232 A 
Mean 0.179 D 0.188 C 0.192 B 0.194 A  
Values sharing same small alphabet (s) in do not differ at p = 0.05 according to LSD test.  
Mean values of CaC2 or SA with same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid 





germination percentage and seedling vigor. For making discussion more appropriate and 
comprehensible, data related to seed germination percent count, ethylene released from 
seedlings and SA contents in seedlings after 168 h of incubation have been graphically 
shown in Figure 4.7. Low germination percentage (25%) in control (without SA and 
CaC2) was due to low concentration of ethylene (2.81 nmol plate
-1
) but higher 
germination percentage (33%) in the treatment of 16 mg CaC2 + 0 mM SA happened due 
to increase in ethylene concentration from 2.81 to 13.13 nmol plate
-1
.However, 
germination percentage decreased when ethylene concentration  was ˃13.13 nmol  plate-1 
i.e. 17.34 and 24.62 nmol plate
-1 
in 18 mg CaC2 + 0 mM SA and 20 mg CaC2 + 0 mM 
SA, respectively. Results related to C2H4 released from CaC2 indicated that C2H4 
concentration ˃2.81 nmol plate-1 but ˂17.34 nmol plate-1 is a physiologically active 
concentration in order to breaking seed dormancy of sweet pepper because there was an 
increase in germination percentage over control with increasing rate of CaC2up to 16 mg 
(Table 4.4.8). However, the reduction in growth and germination at CaC2 ˃16 mg was 
due to detrimental effect of excessively released C2H4 from CaC2 because ethylene higher 
than biologically active concentration inhibits plant growth and regulates plant 
physiology negatively (Arshad and Frankenberger, 2002; Linkies et al., 2009). Mahmood 
et al. (2009), Siddiq et al. (2011), Kashif et al. (2012) and Yaseen et al. (2012) also 
reported a significant reduction in germination percentage and seedling vigor that might 
be due to abrupt released of C2H4 from CaC2. But work of Siddiq (2012) is of great 
concerned as they also measured the release of ethylene from the seedlings of five 
different genotypes of tomatoes and reported parallel cutbacks in seed germination and 
seedling growth variables due to higher rates of ethylene in treatments with higher rates 
of CaC2. Moreover, the germination response to exogenous ethylene is always 
documented to be ethylene concentration dependent by all those researchers who used 
exogenous ethylene for breaking seed dormancy.  
In treatments containing 0 mg CaC2 + 0.1 to 0.5 mM SA, there was no significant 
increase in ethylene, so, higher germination percent count (33 to 42%) occurred only due 
to physiological role of SA because the germination percentage increased as the SA 
contents in seedlings increased, however, the germination rate was SA concentration 
dependent (Figure 4.7). Salicylic acid is also a well-known priming agent and increase in 
germination percentage due to physiological and morphological role of SA has been 







*concentration of SA in mM used for seed priming, CC = calcium carbide per plate, SA = Salicylic acid 
LSD value for seed germination rate = 13.07, LSD value for ethylene released from seedlings = 0.1057, LSD value for SA in seedlings = 0.0011 
 
Figure 4.7 Comparative effect of calcium carbide and salicylic acid on germination percentage, ethylene released from seedlings and salicylic 
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Ethylene released from seedlings after 168 h (nmol/plate)
seedling SA contents after 168 h (mg/g)
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2007; Asadi et al., 2013; Agostini et al., 2013; Khamseh et al., 2013; Baninasab and 
Baghbanha, 2013; Habibi and Abdoli, 2013 and Naderi et al., 2013). 
Application of CaC2 dependent C2H4 along with SA increased seed germination 
percentage and this was happened either due to increase or decrease of both ethylene 
concentration and SA contents in seedlings (Figure 4.7). On combined application of SA 
and CaC2, there was a significant decrease in ethylene concentration from seedling due to 
increase in SA contents in seedlings. This reduction in ethylene concentration might be 
due to SA inhibitory action of ethylene biosynthesis. Reduction in C2H4 biosynthesis due 
to SA has been reported by several researchers such as Yang and Hoffman (1984), 
Roustan et al. (1990), Fan et al. (1998) and Leslie and Romani (1988). This reduction in 
ethylene might be due to SA as exogenously applied SA is quickly converted into 
endogenous SA and suppresses biosynthesis of endogenous C2H4 by increasing 
polyamine contents (Roustan et al., 1990; Nemeth et al., 2002). The accumulation of 
polyamine hinders the conversion of ACC into C2H4 because both endogenous C2H4 and 
polyamines share S-adenosyl methionine (SAM) as a common by product (Yang and 
Hoffman, 1984; Mattoo and Aharoni, 1988). The findings of Nemeth et al. (2002) also 
supported it as they found acclimatization of wheat and maize with stress on exogenous 
application of 0.5 mM SA because of dramatic rise in polyamine particularly putrescine 
and spermine contents. Other researchers have also reported an increase in seed 
germination due to SA application under abiotic stress. 
During seed germination, uptake of water by seeds is triphasic; Phase I-imbibition 
(a rapid initial uptake), Phase II- plateau phase (uptake of water for metabolic 
preparation for germination) and Phase III uptake for hydraulic growth of embryo 
(further increase in water uptake which occurs directly after germination to cause 
hydraulic growth of the embryo and the emerged seedling). The plant hormone, ABA 
regulates phase III-water uptake. ABA not only regulates phase III water uptake but also 
endosperm weakening and endosperm rupture during seed germination. Moreover, 
Linkies et al. (2009) also reported that ethylene promotes endosperm cap weakening and 
endosperm rupture by counteracting the inhibitory action of abscisic acid (ABA) on these 
two processes. Therefore, ethylene finally regulates seed germination by interacting with 
ABA hormone. It is also a fact that under stress conditions particularly under osmotic 
stress, C2H4 biosynthesis is more and crosses the permissive limits and thus ethylene fails 
to perform its physiological role along with ABA hormone and seeds failed to germinate 
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due to less or no uptake of water. However, when this biosynthesis of ethylene is 
regulated by SA and seeds treated with SA always showed a resistance against the stress 
particularly to osmotic stress with an improvement in germination percentage and 
seedling vigor due to boosting up stress proteins and antioxidant levels such as 
spermindine (Spd) and spermine (Spm) and superoxide dismutase, peroxidase etc. 
According to Pandey et al. (2000), an upsurge in Spd and Spm means a decrease in 
endogenous C2H4 as Spd and Spm and endogenous C2H4 shareS-adenosylmethionine 
(SAM) as a common precursor and the biosynthetic relationship between those molecules 
is most often considered in terms of a competitive demand.  
As it is well known that under stress condition, ethylene biosynthesis becomes 
dramatically more and inhibits growth (Arshad and Frankenberger, 2002), so, if it is 
hypothesized that poor germination under osmotic stress is due to detrimental effects of 
ethylene, then all work reported on the use of ethylene for seed germination under stress 
can be used to understand the increase in germination percentage and seedling vigor on 
combined application of SA and high dose of CaC2 (Tables 4.7 to 4.12 and Figure 4.7). 
Several scientists such as Matewally et al. (2003), Ananieva et al.(2004), Choudhury and 
Panda (2004), Afzal et al. (2006), Al-Hakimi (2006), Amin and Mahmood (2011), Liopa-
Tsakalidi et al. (2012),  Agostini et al. (2013), Asadi et al. (2013) and Szalai et al. (2013) 
have reported an increase in seed germination percentage, dry biomass of seedlings, 
chlorophyll contents while a significant slow-down in lipid peroxidation rate with 
enhanced antioxidant activity under osmotic and oxidative stress due to seed priming with 
SA. Therefore, an increase in germination percentage and seedling growth parameters on 
combined application of SA and CaC2 might be due to protective role of SA as SA 
activates defense system of cells and mitigates the injurious effects of all type of stresses 
on seedlings. It can be suggested that SA application enhances the efficiency and 
effectiveness of CaC2 dependent ethylene for breaking seeds dormancy and improving 
seedling growth parameters because SA not only inhibits ethylene biosynthesis but also 
activates the defense system of seedlings to mitigate the effects of all type of stresses 
including ethylene stress on the seedling growth. 
4.4.3 Conclusion 
It is obvious from the results that application of CaC2 along with SA is more 
productive than application of alone CaC2. The deteriorative effects of excessively 
released ethylene from CaC2 on seed germination and seedling vigor were mitigated on 
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the combined application of CaC2 and SA. These results encouraged the use of CaC2 
along with SA for early seed germination and successful crop stand. These results also 
suggested investigating the combined and alone effect of CaC2 and SA on growth and 
yield of sweet pepper under controlled and field conditions. Therefore, the results of this 
experiment were taken as base to investigate the combined and alone effects of CaC2 and 




The results of pot experiments conducted in wire-house to evaluate the effects of 
alone and combined application of salicylic acid and calcium carbide on growth and yield 
of sweet pepper are presented in this section.  
4.5 Experiment 5 
Growth and yield response of sweet pepper to soil applied paint and 
polyethylene coated calcium carbide 
4.5.1 Results 
4.5.1.1 Pre-harvest growth related parameters 
 The main effect and interactive effect of different rates and type of coating 
materials of CaC2 on different pre-harvest growth parameters of sweet pepper 56 days 
after transplanting of seedlings is presented in Tables 4.13, 4.14 and 4.15. Summarized 
results of different pre-harvest parameters are given below: 
4.5.1.1.1 Plant height 
Plant height reduced consistently with increasing rate of CaC2 but up to 20 mg 
CaC2 kg
-1
 soil compared to that of plants not treated with CaC2. The effect of 
polyethylene coated CaC2 on plant height was more significant. Maximum plant height 
was observed in control plants while minimum plant height was noted in plants treated 
with 20 mg kg
-1
 soil CaC2. Data related to plant height also revealed that application of 
CaC2 at rate ˃20 mg kg
-1
 soil caused 11 to 21% reduction in plant height (Table 4.13a). 
This decrease in plant height was due to classical effect of ethylene as ethylene is well 
documented to inhibit vertical growth by interacting with auxin. 
4.5.1.1.2 Inernodal length and shoot girth 
Application of CaC2 increased shoot girth by 7-13% and by 9-22% decrease 
internodal length compared to control (Tables 4.13band 4.13c). Maximum reduction in 
internodal length was observed in plants treated with 10 and 20 mg CaC2. Effect of 
coating materials on shoot girth was more prominent but this effect was not prominent for 
internodal length (Table 4.13c). 
4.5.1.1.3 Number of branches 
Main effect of rates of CaC2 on the number of branches plant
-1 
was significant 
(Table 4.13d) but the main effect of type of coating material was found non-significant (p 





Table 4.13 Comparative effects of different rates of polyethylene and paint coated 
calcium carbide on different pre-harvest parameters recorded in sweet 
pepper cv. Yolo Wonder (F-1) 56 days after transplanting under wire-house 
conditions 
 
Table 4.13a- Plant height (cm)  
Type of 
Coating 




0 10 20 30 40 
Polyethylene 61.61
*
 a 56.71 b 50.38 d 52.31 c 56.26 b 55.45 A 
Paint 61.61 a 52.95 c 47.03 f 48.83 e 52.56 c 52.60 B 
Mean 61.61 A 54.83 B 48.71 D 50.57 C 54.41 B  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect of 
type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants,  
LSD values: Coating material (A) = 0.6015, Rate of CaC2 (B) =0.9510, A×B = 1.3450 
 
Table 4.13b- Shoot girth (cm) 
Type of 
Coating 




0 10 20 30 40 
Polyethylene 0.99
*
f 1.03 e 1.15 a 1.12 ab 1.09 bc 1.08 A 
Paint 0.99 f 0.97 f 1.08 cd 1.05 de 1.03 e 1.03 B 
Mean 0.99 D 1.00 D 1.12 A 1.09 B 1.06 C  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect of 
type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 0.0140, Rate of CaC2 (B) =0.0222, A×B = 0.0314 
 
Table 4.13c- Internodal distance (cm) 
Type of 
Coating 




0 10 20 30 40 
Polyethylene 3.16
*
a 3.00 ab 2.91 a-c 2.75 a-d 2.53 cd 2.86 A 
Paint 3.16 a 2.80 a-d 2.74 a-d 2.59 b-d 2.38 d 2.73 A 
Mean 3.16 A 2.88 AB 2.82 B 2.67 BC 2.45 C  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect of 
type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 0.1964, Rate of CaC2 (B) =0.3106, A×B = 0.4393 
 









0 10 20 30 40 
Polyethylene 8.4
*
d 9.7 bc 10.8 a 9.8 a-c 9.3 b-d 9.6 A 
Paint 8.4 d 9.2 b-d 10.3 ab 9.3 b-d 8.8 cd 9.2 A 
Mean 8.4 C 9.4 B 10.5 A 9.5 B 9.0 BC  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect of 
type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 




compared to control. Plants treated with CaC2 produced 7 to 25% more branches 
compared to that of control. 
4.5.1.1.4 Number of leaves 
 Minimum number of leaves plant
-1 
(58.9) was observed in plants where CaC2 was 
not applied (control) but maximum number of leaves plant
-1
 (80.7) was noted in plants 
which were treated with 20 mg kg
-1
 soil CaC2 (Table 4.14a). Data revealed that effect of 
lower rates of CaC2 (˂30 mg kg
-1
 soil) on number of leaves plant
-1
 was promontory but 
application of onward rates showed an inhibitory effect on number of leaves per plant. 
Results indicated that 7-37% increase in leaves per plant as result of application of 
different rates of CaC2 (Table 4.14a). 
4.5.1.1.5 Days taken to first flower appearance 
Calcium carbide is known to onset early fruiting in plants due to physiological 
role of ethylene. Therefore, the date of first flower appearance was noted. It was observed 
that signs of early flower initiation were seen in those plants which were treated with 
CaC2. In plants not treated with CaC2, flowering was started 25 days after transplanting 
while in plants treated with CaC2, flowering was started within 21 to 24 days i.e. one to 
four days earlier than plants of control treatment (Table 4.14b). Comparative effect of 
coating materials revealed that effect of coating material on early flowering in sweet 
pepper was not significant (Table 4.14b).  
4.5.1.1.6 Number of flowers and fruits 
Effect of ethylene on flower and fruit setting was more prominent and significant. 
Application of both formulations of CaC2 significantly affected number of flowers plant
-1
 
as well as number of fruits plant
-1
 (Tables 4.14c and 4.14d).Plants treated with either 
polyethylene or paint coated CaC2 had 18 to 33% more flowers and 11 to 29% more fruits 
plant
-1
 compared to that of control. Minimum number of fruits plant
-1
 (10.8) was observed 
in plants not treated with CaC2 while maximum fruits plant
-1
 (13.9) was found in plants 
treated with 20 mg kg
-1
 soil CaC2. Data also revealed that this increase in number of 
flowers and fruits plant
-1
 was observed up to 20 mg CaC2 kg
-1
 soil because the application 
of higher rates than 20 mg CaC2 kg
-1
 soil showed a decreasing trend in both. This effect 
was found related to release of ethylene from CaC2 because whenever, ethylene became 
higher than biologically active level, it caused fruit senescence and ultimately caused loss 
in yield (Table 4.14d). Main effect of coating materials indicated that polyethylene was 
found superior to paint regarding their effect on both flower and fruit. 
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Table 4.14 Comparative effects of different rates of polyethylene and paint coated 
calcium carbide on different pre-harvest parameters recorded in sweet 
pepper cv. Yolo Wonder F-1 under wire-house conditions 
 









0 10 20 30 40 
Polyethylene 58.9
*
e 67.0 cd 82.8 a 76.2 ab 64.8 de 69.9 A 
Paint 58.9 e 63.9 de 78.7 ab 72.3 bc 61.6 de 67.1A 
Mean 58.9 D 65.4  C 80.7  A 74.2  B 63.2 CD  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect 
of type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 3.1569, Rate of CaC2 (B) =4.9914, A×B = 7.0590 
 
Table 4.14b- Days taken to first flower appearance 
Type of 
Coating 




0 10 20 30 40 
Polyethylene 25.9
*
a 24.4 bc 23.1 cd 23.3 cd 21.5 e 23.6 A 
Paint 25.9 a 24.9 ab 23.9 bc 24.0 bc 22.3 de 24.2 A 
Mean 25.9 A 24.6 B 23.5 C 23.6 C 21.9 D  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect 
of type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 0.6181, Rate of CaC2 (B) =0.9772, A×B = 1.3820 
 









0 10 20 30 40 
Polyethylene 26.1
*
f 31.9 d 35.6 a 34.5 ab 34.0 a-c 32.4 A 
Paint 26.1 f 29.9 e 33.5 b-d 32.6 cd 32.1 d 30.9 B 
Mean 26.1 D 30.9 C 34.6 A 33.6 AB 33.1 B  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect 
of type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 0.8314, Rate of CaC2 (B) = 1.3146, A×B = 1.8591 
 









0 10 20 30 40 
Polyethylene 10.8
*
e 12.3 c 14.4 a 14.4 a 13.4 b 13.0 A 
Paint 10.8 e 11.8 d 13.5 b 13.4 b 12.6 c 12.4 B 
Mean 10.8 D 12.0 C 13.9 A 13.9 A 13.0 B  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect of 
type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants  




4.5.1.1.7 Fruit diameter 
Data related to fruit diameter of sweet pepper is given in Table 4.15a. It is obvious 
from the data that application of CaC2 was found effective to improve fruit diameter of 
sweet pepper. There was 5-32% increase in fruit diameter compared to that of control. 
This indicated that CaC2 dependent release gases particularly acetylene enhanced the 
nutrient uptake by plants and thus led to more accumulation of photosynthates into fruits.  
Main effect of type of coating materials for fruit diameter was found non-
significant (Table 4.15a); however, effect of different rates of CaC2 was highly significant 
for fruit diameter. Data also elaborated that application of CaC2 higher than 20 mg kg
-1
 
soil was not found beneficial as these rates of CaC2 caused a substantial decrease in fruit 
size. 
4.5.1.1.8 Leaf area index 
Leaf area index (LAI) is an excellent indicator of effective utilization of light into 
biomass production. Increase in LAI causes an upsurge in biomass production. It was 
observed that plants provided with CaC2 had more LAI than plants not provided with 
CaC2 (Table 4.15b). Moreover, not only rates of CaC2 but also type of coating materials 
significantly affected LAI and it gained the maximum value (0.66) in the treatment of 20 
mg polyethylene coated CaC2 (Table 4.15b). 
4.5.1.1.9 Net photosynthesis rate and transpiration rate 
Mean effect of rates of CaC2 on net photosynthesis rate and transpiration rate 
(Figure 4.8) is evident that application of CaC2 had a pronounced effect on the 
photosynthetic activity in the leaves of sweet pepper. Net photosynthetic rate in leaves of 
sweet pepper consistently increased with increase in rate of CaC2 but up to 20 mg kg
-1
 
soil. Similar trends in transpiration rate were observed due to application of CaC2 (Figure 
4.8). Data graphically shown in Figure 4.8 disclosed that transpiration rate decreased on 
application of 20 mg CaC2 kg
-1
 soil, then showed a rise in its value when CaC2 was 
applied at rates higher than 20 mg kg
-1
 soil. 
4.5.1.1.10 Conclusion for pre-harvest parameters 
All pre-harvest growth related parameters were significantly affected by the 
application of CaC2 and a significant increase in these parameters was observed compared 
to control. Among different rates, the effect of 20 mg CaC2 kg
-1
 soil was the most 
beneficial and productive with polyethylene as coating material. 
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Table 4.15 Comparative effects of different rates of polyethylene and paint coated 
calcium carbide on different pre-harvest parameters recorded in sweet 
pepper cv. Yolo Wonder F-1 under wire-house conditions 
 
Table 4.15a- Fruit diameter (cm) 
Type of 
Coating 




0 10 20 30 40 
Polyethylene 5.01
*
e 5.48 de 6.94 a 6.69 ab 5.99 b-d 6.04 A 
Paint 5.09 e 5.15 e 6.53 ab 6.29 a-c 5.63 c-e 5.74 A 
Mean 5.09 C 5.32 BC 6.73 A 6.49 A 5.81 B  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect 
of type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 0.3322, Rate of CaC2 (B) = 0.5253, A×B = 0.7428 
 
Table 4.15b- Leaf area index 
Type of 
Coating 




0 10 20 30 40 
Polyethylene 0.38
*
 e 0.47 cd 0.66 a 0.56 b 0.44 de 0.50 A 
Paint 0.38 e 0.44 de 0.62 a 0.52 bc 0.41 e 0.47 B 
Mean 0.38 D 0.45 C 0.64 A 0.54 B 0.42 C  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect 
of type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 0.0261, Rate of CaC2 (B) = 0.0413, A×B = 0.0584 
 
 
Markers showing transpiration rate with same letter(s) do not differ at p= 0.05 according to LSD test 
Markers showing photosynthetic rate with same letter(s) do not differ at p= 0.05 according to LSD test 
LSD value for net photosynthesis rate = 2.23, LSD value for transpiration rate = 0.0344   
 
Figure 4.8 Main effects of different rates of CaC2 on photosynthetic activity of sweet 
pepper cv. Yolo Wonder F-1 under wire-house conditions (each value is 
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4.5.1.2 Post-harvest observations recorded 
4.5.1.2.1 Fruit yield 
 The most important and ultimate outcome of any research experiment is fruit yield 
plant
-1
 because average yield per plant or unit area depends upon this parameter. The 
ultimate goal of this study was to maximize fruit yield by the application of different 
formulations of CaC2. Increase in fruit yield is directly correlated with pre-harvest 
parameters like plant height, internodal length, shoot girth, number of branches plant
-1
, 
number of leaves plant
-1
, photosynthetic activity, LAI, numbers of flowers and fruits 
plant
-1
, early flowering and finally fruit diameter. Data on fruit yield plant
-1
 (Table 4.16) 
explored highly significant differences (p <0.01) among fruit yield of CaC2 treated and 
untreated plants. Maximum fruit yield (638 g plant
-1
) was noted where 20 mg kg
-1
 soil 
calcium carbide was applied while minimum yield (538 g plant
-1
) was found in control 
(without CaC2). Data is evident that fruit yield plant
-1
 was increased with increase in rate 
of CaC2up to 20 mg CaC2 kg
-1
 soil then a significant decline in fruit yield occurred due to 
higher dose of CaC2. Comparison between polyethylene and paint indicated that 
polyethylene coated CaC2 contributed to fruit yield more than paint coated CaC2. Data in 
mean row showed that calcium carbide caused 9 to 19% more increase in fruit yield 
compared to that of control (Table 4.16). 
4.5.1.2.2 Shoot dry weight 
 Data in Table 4.17 reflect significant effects of coating and rates of CaC2 on shoot 
dry weight. Maximum shoot dry weight (65.6 g plant
-1
) was recorded in the treatment of 
20 mg CaC2 kg
-1 
soil while least shoot dry weight (54.4 g plant
-1
 soil) was observed in 
control plants (Table 4.17). Mean data on the effect of different type of coating materials 
on CaC2indicated that polyethylene coated CaC2 caused more increase in dry weight 
plant
-1 
than paint coated CaC2. Overall, results revealed that CaC2 application improved 
dry weight by 6-21% compared to that of control.  
4.5.1.2.3 Fertilizer use efficiency 
The effective fertilizer efficiency is the dire need to increase the yield of crops. 
The efficient use of nutrients such as N, P and K not only prevent the losses from applied 
fertilizers but also causes maximum returns to farmers in terms of high yields of crops. 
Depending upon the type of concept, different researchers follow different terms for 
nutrient use efficiency. To make results more obvious and comprehensive, agronomic, 
physiological and recovery efficiency of N, P and K is given in Table 4.18. Mean data  
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Table 4.16 Effect of different rates and coating materials of CaC2 on fruit yield (g plant
-1
) 
of sweet pepper cv. Yolo Wonder F-1 under wire-house conditions 
Type of 
Coating 




0 10 20 30 40 
Polyethylene 538
*
e 598 c 655 a 630 b 599 c 604 A 
Paint 538 e 597 c 622 b 596 c 572 d 585 B 
Mean 538 D 597 C 638 A 613 B 586 C  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect 
of type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 
LSD values: Coating material (A) = 7.7806, Rate of CaC2 (B) = 12.302, A×B = 17.398 
 
Table 4.17 Comparative effect of different rates and coating materials of CaC2 on shoot 
dry weight (g plant
-1








0 10 20 30 40 
Polyethylene 54.4
*
e 58.1 d 66.4 a 62.4 b 59.1 cd 60.1 A 
Paint 54.4 e 57.7 d 64.8 a 60.2 c 57.8 d 59.0 B 
Mean 54.4 D 57.9 C 65.6 A 61.3 B 58.5 C  
Note: Values sharing same small alphabet(s) do not differ at p = 0.05 according to LSD test. Mean effect 
of type of coating material or rate of CaC2 do not differ at p = 0.05 according to LSD test.  
*
Mean of fertilizers and unfertilized plants 








Table 4.18Effect of different rates and coating materials of calcium carbide on fertilizer use efficiency in sweet pepper cv. Yolo 
Wonder F-1 under wire-house conditions 
NPK × Coating × Rate 
Fertilizer use efficiency 
Agronomic (mg g
-1
) Recovery (%) Physiological (g g
-1
) 


















0 * * * * * * - - - 
10 * * * * * * 0.55 ef 3.55 d 0.77 d 
20 * * * * * * 1.15 cd 7.74 bc 1.67 c 
30 * * * * * * 0.65 e 4.10 d 0.89 d 





0 * * * * * * - - - 
10 * * * * * * 0.63 e 4.04 d 0.87 d 
20 * * * * * * 1.00 d 6.71 c 1.45 c 
30 * * * * * * 0.32 fg 2.00 e 0.43 e 






















0 606 f 607 f 303 f 27.6 f 5.8 g 11.6 f 2.21 a 10.55 a 2.62 a 
10 753 d 753 d 377 d 35.1 de 7.4 ef 15.0 de 2.15 a 10.22 a 2.53 a 
20 867 a 868 a 434 a 50.1 b 10.4 b 20.9 b 1.77 b 8.51 b 2.10 b 
30 822 b 822 b 411 b 59.8 a 12.0 a 24.8 a 1.38 c 6.84 c 1.66 c 





0 607 f 607 f 303 f 27.6 f 5.8 g 11.6 f 2.21 a 10.55 a 2.62 a 
10 750 d 750 d 375 d 32.7 e 6.7 f 13.5  e 2.30 a 11.28 a 2.80 a 
20 791 bc 791 bc 395 bc 44.2 c 9.4 c 19.1 c 1.83 b 8.54 b 2.09 b 
30 748 d 748  d 374 d 53.7 b 10.9 b 22.2 b 1.40 c 6.87 c 1.68 c 
40 694 e 694 e 347 e 39.7 cd 8.2 de 16.5 d 1.78 b 8.51 b 2.13b 
LSD value 13.7827 9.234 7.0657 2.455 0.3456 1.2033 0.4671 1.8428 0.3437 
Mean values sharing same letter(s) in each column do not differ from one another at p = 0.05 according to LSD test.  
    * value of agronomic and recover efficiency for control plot is zero. So, it is not mentioned here. 
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given in Table 4.18 revealed that maximum agronomic and physiological efficiency of N 
and P was recorded in plants where CaC2 ≥20 mg kg
-1
 soil was applied while minimum 
N, P and K physiological and agronomic efficiencies were recorded in control plants. But 
contrary to physiological and agronomical efficiency of these elements, maximum 
recovery efficiency was observed in 30 mg CaC2 treated plants instead of 20 mg CaC2. 
Similarly, mean effect of type of coating materials disclosed that polyethylene coated 
CaC2 improved N, P and K efficiencies relatively more than paint coated CaC2 (Table 
4.18).  
4.5.2 Discussion 
 Differential response of sweet pepper cv. Yolo Wonder F-1 in terms of growth, 
yield and fertilizer use efficiency due to the application of coated calcium carbide is 
owing to the specific effects of acetylene flux and then production of ethylene in various 
treatments of calcium carbide. Calcium carbide dependent released ethylene reduced 
plant height, internodal length, number of days up to initiation of flowering stage, number 
of fruits plant
-1
, fruit diameter, number of branches and leaves plant
-1
, leaf area index, net 
photosynthetic rate and nutrient use efficiency. These parameters ultimately contributed 
to an increase in fruit yield of sweet pepper (Table 4.16). Reduction in plant height and 
internode length with an increased number of branches plant
-1
 and shoot girth on calcium 
carbide application were due to response of plant to favorable concentration of ethylene 
(Steffens et al., 2005; Yaseen et al., 2006; Mahmood et al., 2010; Siddiq et al., 2012). 
Early and more fruiting are due to physiological role of ethylene as ethylene is considered 
responsible for inhibiting vegetative growth while inducing reproductive growth. As the 
application of CaC2 consistently supplied ethylene in the proximity of plant that 
stimulated the developmental processes of sweet pepper and thus resulting in a higher 
number of flowers, fruits with less number of flower and fruit drop which in turn 
produced maximum total weight of fruits plant
-1
. The observed positive effects of 
different rates and coating materials on CaC2 on flowering and yield in this study are also 
supported by the findings of Freney et al. (1992), Smith et al. (1993), Randall et al. 
(2001), Ahmad et al. (2009),Yaseen et al.(2010, 2012) Kashif et al. (2012) and Siddiq et 
al. (2012). Aslam et al. (2012) also reported that low rates of CaC2 caused early fruiting 
and higher yield in sweet pepper under field conditions but effect was concentration 
dependent. The results obtained in this study also highlighted significant improvements in 
photosynthetic activity in the plants treated with CaC2. This fact was also observed by 
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Iqbal et al. (2011) in mustard plants treated with exogenous ethylene. These 
improvements in photosynthetic activities might be due to an increase in nitrogen use 
efficiency because CaC2 inhibits nitrification (Smith et al., 1993; Ahmad et al., 2009) that 
leads for improving nitrogen economy of the soil and reducing N losses and thus assure 
its availability for a longer period of time.  
4.5.3 Conclusion 
 These results suggest that use of calcium carbide in combination with chemical 
fertilizers could, therefore, be used as a tool of non-conventional approaches for 
narrowing down the yield gap between potential yield and farmer obtained yield. 
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4.6 Experiment 6 
Morphological and physiological growth changes in two cultivars of sweet 
pepper in response to foliar application of salicylic acid 
4.6.1 Results 
This experiment was conducted to investigate the effect of foliar application of 
different rates of salicylic acid on morphological and physiological growth and yield 
related parameters of two sweet pepper cultivars cv. Yolo Wonder F-1 and Royal Wonder 
F-1 under wire-house conditions.   
4.6.1.1 Morphological parameters 
4.6.1.1.1 Shoot dry mass 
Foliar application of SA influenced shoot dry weight plant
-1
 by improving 
different physiological variables such as chlorophyll contents, photosynthetic activity, 
superoxide dismutase (SOD) activity, total soluble sugars and leaf area index (LAI). 
However, changes in dry weight plant
-1
 induced by foliar application of SA were found 
concentration dependent. Results related to the effect of SA on the dry weight production 
are presented in Table 4.19. Mean effect of rates of SA elucidated similar trend in shoot 
dry weight like physiological variables. Shoot dry weight of those plants was at top which 
were sprayed with 0.1 or 0.2 mM SA compared to all other treatments including control 
but shoot dry weight of plants treated with 0.5 or 0.6 mM SA was at bottom among 
different treatments. These results help to conclude that SA concentration less than 0.2 
mM had positively influenced plant physiological parameters and caused 5 to 20% 
increase in shoot dry weight over control. Mean effect of cultivars indicated that Yolo 
Wonder F-1 comparatively showed superior response to foliar application of SA.  
4.6.1.1.2 Fruit yield 
The ultimate objective of this study was to accelerate sweet pepper productivity in 
terms of fruit yield. Results revealed that foliar application of SA could be helpful to 
narrow down the yield gap existing between potential and farmer obtained yield of sweet 
pepper. The yield data collected from two cultivars of sweet pepper cv. Yolo Wonder F-1 
and Royal Wonder F-1 was appraisable (Table 4.20) and elucidated that effect of foliar 
application of different rates of SA on per plant fruit yield was found parallel to its effect 
on shoot dry weight production. Results also indicated that foliar application up to 0.2 






Table 4.19 Effect of foliar application of different rates of salicylic acid on shoot dry weight (g plant
-1
) of two varieties of sweet pepper under 
wire-house conditions 
NPK Variety 
Concentration of SA (mM) 
Mean 
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 
With 
V1 60.62 s 63.05 r 69.11 op 70.26 n 66.74 q 63.05 r 58.80 t 56.98 u 63.58 C 
59.74 D 
61.66 B 
V2 51.80 x 56.44 uv 66.29 q 68.80 p 63.05 r 62.38 r 55.55 v 53.57 w 
Without 
V1 96.99 h 100.87 f 106.69 c 112.42 a 104.75 d 100.87 f 93.11 j 89.23 l 100.62A 
92.75 B 
96.68 A 
V2 91.17 k 95.30 i 102.34 e 108.94 b 99.97 f 98.26 g 76.11 m 69.90 no 
Mean 75.15 F 78.92 E 86.11 B 90.11 A 83.63 C 81.14 D 70.89 G 67.42 H   
Values sharing same small alphabet(s) do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.9594). 
Mean values sharing same letter(s) in row do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.4797). 
Mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.6784). 
Italic mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.2399). 
 
Table 4.20 Effect of foliar application of different rates of salicylic acid on fruit yield (g plant
-1
) of two varieties of sweet pepper under wire-
house conditions 
NPK Variety 
Concentration of SA (mM) 
Mean 
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 
With 
V1 331 s 344 r 364 q 383 n 377 op 344 r 321 t 311 u 347 C 
326 D 
336 A 
V2 283 x 308 uv 344 r 375 p 362 q 340 r 303 v 292 w 
Without 
V1 529 h 551 f 572 d 613 a 582 c 551 f 508 j 487 l 549 A 
506 B 
528 B 
V2 498 k 520 i 546 f 595 b 558 e 536 g 415 m 381 no 
Mean 410 F 431 E 457 C 492 A 470 B 443 D 387 G 368 H   
Values sharing same small alphabet(s) do not differ from one another at p = 0.05 according to LSD test (LSD value = 5.2359). 
Mean values sharing same letter(s) in row do not differ from one another at p = 0.05 according to LSD test (LSD value = 2.6179). 
Mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 3.7023). 
Italic mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 1.3090). 
Note: V1= Yolo Wonder F-1, V2= Royal Wonder F-1, SA = Salicylic acid 
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pepper when plants were sprayed with ≤ 0.2 mM SA. The rise in fruit yield plant-1 over 
that of control was as a consequence of significant improvements in plant height, number 
of branches, number of flowers and fruits per plant and N, P and K uptakes (data not 
given in manuscript). Therefore, it is obvious from the results that only those plants 
sprayed with SA ˂ 0.3 mM produced more fruits yield plant-1 over all other treatments 
and control. It was also observed that both varieties of sweet pepper showed positive 
response to foliar application of SA, however, Yolo Wonder F-1 resulted in higher yield 
than that of Royal Wonder F-1. 
4.6.1.2 Physiological parameters 
4.6.1.2.1 Chlorophyll contents 
The amount of chlorophyll contents is generally a good indicator of plant health. 
Any improvement in chlorophyll contents directly influences the growth of plant. Data 
given in Table 4.21 represent profound effect of foliar application of SA on the 
chlorophyll contents of sweet pepper. It was observed that foliar application of SA had a 
great influence on chlorophyll contents of leaves, thus played an effective role in plant 
physiology. Minimum chlorophyll contents (35.88 SPAD) were recorded in plants treated 
with 0.6 mM SA while maximum chlorophyll contents (40.28 SPAD) were measured in 
the leaves of plants sprayed with 0.1 mM SA. It was also observed that improvements in 
chlorophyll contents due to foliar application of SA occurred only at lower rates of SA 
.i.e. up to 0.3 mM (Table 4.21). Mean effect disclosed that both cultivars responded to 
foliar application of SA while effect of SA under NPK application was statistically at par 
compared to application in the absence of NPK fertilizers. Overall, in the presence of 
NPK fertilizers, foliar application of SA≤0.3 mM enriched leaves with chlorophyll 
contents by 5 to 11% more than that of plants where only NPK fertilizers were applied. 
Comparison between two sweet pepper cultivars showed that Yolo Wonder F-1 
responded more to foliar application of SA than Royal Wonder F-1.  
4.6.1.2.2 Photosynthetic activity 
Photosynthetic activity is closely related with photosynthetic pigments. Any 
upsurge in photosynthetic pigments ultimately accelerates photosynthetic activity in the 
leaves. Therefore, photosynthetic activity was also recorded before flowering along with 
chlorophyll contents. The data related to net photosynthetic rate (PN) is shown in Table 





Table 4.21 Effect of foliar application of different rates of salicylic acid on chlorophyll contents (SPAD) in leaves of two varieties of sweet 
pepper under wire-house conditions 
NPK Variety 
Concentration of SA (mM) 
Mean 
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 
With 
V1 22.69 p 23.60 o 24.99 m 23.60 o 24.74 mn 21.33 q 19.97 r 19.06 s 22.50 C 
21.11 D 
21.80B 
V2 19.39 rs 21.13 q 23.60 o 22.64 p 24.22 no 21.11 q 18.87 s 17.92 t 
Without 
V1 52.29 e 54.39 c 57.58 a 58.05 a 53.34 d 50.73 g 48.11 i 46.54 j 52.63 A 
48.51 B 
50.57A 
V2 49.16 h 51.38 fg 54.95 bc 55.68 b 51.69 ef 49.41 h 39.33 k 36.46 l 
Mean 35.88 D 37.63 C 40.28 A 39.99 A 38.50 B 35.65 D 31.57 E 30.00 F   
Values sharing same small alphabet(s) do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.7385). 
Mean values sharing same letter(s) in row do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.3693). 
Mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.5222). 
Italic mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.1846). 
 




) in leaves of two varieties of 
sweet pepper under wire-house conditions 
NPK Variety 
Concentration of SA (mM) 
Mean 
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 
Without 
V1 0.109 k 0.113 k 0.119 k 0.113 k 0.118 k 0.102 k 0.095 k 0.091 k 0.108 C 
0.101 C 
0.104A 
V2 0.093 k 0.101 k 0.113 k 0.108 k 0.116 k 0.101 k 0.090 k 0.086 k 
With 
V1 7.114 d 7.398 c 7.832 a 7.896 a 7.754 a 6.900 e 6.544 g 6.331 h 7.221A 
6.659 B 
6.940 B 
V2 6.687 fg 6.989 de 7.474 bc 7.574 b 7.514 bc 6.721 f 5.349 i 4.959 j 
Mean 3.501 C 3.650 B 3.885 A 3.923 A 3.876 A 3.456 C 3.020 D 2.867 E   
Values sharing same small alphabet(s) do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.1704). 
Mean values sharing same letter(s) in row do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.0852). 
Mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.1205). 
Italic mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.0426). 
Note: V1= Yolo Wonder F-1, V2= Royal Wonder F-1, SA = Salicylic acid 
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SA was parallel to variations observed in chlorophyll contents (photosynthetic pigments). 





found in those plants where foliar application of 0.2 mM SA was done while minimum rate 




) was observed in control where SA was not 
applied. There was 5 to 12% increase in PN in treatments with SA + NPK fertilizers over 
treatments having only NPK fertilizers. Statistical comparison shows that both varieties of 
sweet pepper had a significant response to foliar application of SA and response of Yolo 
Wonder F-1 was statistically at par.  
4.6.1.2.3 Total soluble sugars 
In plant physiology, total soluble sugars act as osmoregulant and play very effective 
role during plant defense. These are also responsible for the survival of plants under osmotic 
stress.  Salicylic acid is well known for its key role in plant physiology. Therefore, clear and 
significant differences in the leaves of SA treated and untreated plants were observed with 
respect to total soluble sugars (Table 4.23). However, this difference in total soluble sugars 
was entirely SA concentration dependent. It was also noted that this difference was only 
obvious at lower rates of SA application. Foliar application of SA at higher rates (˃0.2 mM) 
had an antagonistic effect on total soluble sugars in the leaves and caused a reduction in total 
soluble sugars compared to that of control. Overall, foliar application of SA at lower rates 
particularly at 0.1 and 0.2 mM, affected plant physiology positively and caused maximum 
increase in total soluble sugars of leaves compared to control (Table 4.23). Means of cultivars 
revealed that total soluble sugar contents were comparatively more in the leaves of Yolo 
Wonder than that of Royal Wonder.  
4.6.1.2.4 Superoxide dismutase activity 
Exogenous use of SA is reported to improve antioxidant activity of a plant. For better 
understanding of comprehensive role of SA in plant physiology, superoxide dismutase (SOD) 
activity was measured in SA treated and untreated plants (Table 4.24). Mean effect of rates of 
SA pointed out a least SOD activity (6.22 units mg
-1
) in plants sprayed with 0.6 mM SA, 
indicating poor physiological activity. This reduction in physiological activity at higher rate 
of SA was also observed with other above discussed physiological parameters such as 
photosynthetic rate, total soluble sugars and chlorophyll contents (Table 4.24). Mean effects 
of SA also elaborated that plant with maximum values of total soluble sugars, chlorophyll 
contents and PN also had maximum SOD activity (8.67 units mg
-1
). Estimate showed 5 to 







Table 4.23 Effect of foliar application of different rates of salicylic acid on total soluble sugars (mg g
-1
) in leaves of two varieties of sweet pepper 
under wire-house conditions 
NPK Variety 
Concentration of SA (mM) 
Mean 
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 
With 
V1 18.20 q 18.93 o 20.04 j 19.84 k 18.93 o 17.11 r 16.02 t 15.29 v 18.05C 
16.93D 
17.49 B 
V2 15.55 u 16.94 s 18.93 o 19.42 m 18.15 q 16.93 s 15.13 w 14.37 y 
Without 
V1 20.82 g 21.66 f 22.93 b 22.70 c 23.12 a 20.20 i 19.16 n 18.53 p 21.14A 
19.49B 
20.32 A 
V2 19.57 l 20.46 h 21.88 e 22.00 e 22.17 d 19.68 l 15.66 u 14.52 x 
Mean 18.54 D 19.50 C 20.95 A 20.99 A 20.59 B 18.48 D 16.49 E 15.68 F   
Values sharing same small alphabet(s) do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.1246). 
Mean values sharing same letter(s) in row do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.0623). 
Mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.0881). 
Italic mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.0312). 
 
Table 4.24 Effect of foliar application of different rates of salicylic acid on superoxide dismutase activity (units mg
-1
) in leaves of two varieties 
of sweet pepper under wire-house conditions 
NPK Variety 
Concentration of SA (mM) 
Mean 
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 
With 
V1 6.39 p 6.64 o 6.89 n 7.13 l 6.45 p 6.14 r 5.90 s 5.47 v 6.38 C 
5.99 D 
6.18 B 
V2 5.723 t 6.27 q 6.60 o 6.98 m 6.39 p 5.25 w 5.58 u 5.14 x 
Without 
V1 9.36 e 9.72 c 10.08 b 10.44 a 9.45 d 9.00 g 8.64 i 8.01 k 9.34 A 
8.61 B 
8.97 A 
V2 8.84 h 9.27 f 9.67 c 10.12 b 9.20 f 8.46 j 7.06 lm 6.27 q 
Mean 7.58 E 7.98 C 8.31 B 8.67 A 7.87 D 7.21 F 6.80 G 6.22 H   
Values sharing same small alphabet(s) do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.0808). 
Mean values sharing same letter(s) in row do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.0404). 
Mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.0571). 
Italic mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.0202). 
Note: V1= Yolo Wonder F-1, V2= Royal Wonder F-1, SA = Salicylic acid 
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4.6.1.2.5 Leaf area index 
Leaf area index (LAI) is used to predict photosynthetic primary production, 
evapotranspiration and as a reference tool for crop growth. So, there is a close link 
between the dry mass production and leaf area index. Therefore, data on the effect of 
foliar application of different rates of SA on LAI is given in Table 4.25. Foliar application 
of SA showed a great influence on LAI of sweet pepper. Mean effect of dose of SA 
explored that LAI increased with an increase in SA concentration up to 0.2 mM, then 
decreased as the rate of SA was increased. Plant treated with higher dose of SA had less 
LAI than in control. Plants treated with lower rates of SA had more LAI than that of 
control. 
4.6.2 Discussion 
Differential response of two cultivars of sweet pepper cv. Yolo Wonder F-1 and 
Royal Wonder F-1 in terms of growth and yield due to the application of foliar 
application of salicylic acid is owing to the specific role of SA in plant physiology. 
Exogenous application of SA is reported to influence a range of diverse processes in 
plants, including, stomatal closure, ion uptake and transport (Gunes et al., 2005), 
membrane permeability (Barkosky and Einhellig, 1993) and photosynthetic and growth 
rates (Khan et al., 2003). Its exogenous application causes growth promoting and 
protective effects on the plants. It is termed as plant growth regulator due to its key 
involvement in plant physiology (Hayat et al., 2007; Hayat and Ahmad, 2007; Rivas-San 
Vicente and Plasencia, 2011). Choudhury and Panda (2004), Quiroz-Figueroa et al. 
(2001), Shahba et al. (2010), Hosseini et al. (2011) and Anwar et al. (2013) also reported 
its role as plant growth regulator. The increase in net photosynthetic rate is associated 
with chlorophyll contents. Therefore, it was observed that there was more photosynthetic 
rate was observed in the leaves of sweet pepper having more chlorophyll contents. While 
photosynthetic water use efficiency is found to be associated with net photosynthetic rate. 
Photosynthetic water use efficiency (PWUE) is the ratio of photosynthetic rate to 
transpiration rate. Figure 4.9 graphically showed that improvement in PWUE caused a 
corresponding change in fruit yield. Salicylic acid is also known as anti-transpiration 
agent as it regulates transpiration rate by counteracting with ABA hormone (Martinez et 
al., 2001). As the rate of photosynthesis depends upon the rate of transpiration and 
stomatal conductance, therefore, SA affects the photosynthesis and may cause an upsurge 







Table 4.25 Effect of foliar application of different rates of salicylic acid on leaf area index of two varieties of sweet pepper under wire-house 
conditions 
NPK Variety 
Concentration of SA (mM) 
Mean 
0 0.05 0.1 0.2 0.3 0.4 0.5 0.6 
With 
V1 0.146 p 0.152 o 0.160  m 0.159 m 0.152 o 0.137 q 0.128 r 0.122 st 0.145 C 
0.136 D 
0.140B 
V2 0.124  s 0.13 6 q 0.152 o 0.155  n 0.145 p 0.136 q 0.121 t 0.115 u 
Without 
V1 0.229 f 0.238  e 0.252  a 0.250 b 0.254 a 0.222  h 0.211 j 0.204 k 0.233 A 
0.214 B 
0.223 A 
V2 0.215  i 0.225 g 0.241 d 0.242 cd 0.244 c 0.216  i 0.172 l 0.160 m 
Mean 0.179 D 0.188 C 0.201  A 0.202 A 0.199 B 0.178 D 0.158 E 0.150 F   
Values sharing same small alphabet(s) do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.00229). 
Mean values sharing same letter(s) in row do not differ from one another at p = 0.05 according to LSD test (LSD value = 0.00115). 
Mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.00163). 
Italic mean values sharing same letter(s) in column do not differ from each other at p = 0.05 according to LSD test (LSD value = 0.000574). 




Arfan, 2009).  The increase in fruit yield plant
-1
 due to the foliar application of SA is the 
outcome of more number of leaves per plant, plant height, branches per plant, flowers and 
fruits per plant  because there was increase in fruit yield per plant when an increase in 
these pre-harvest variables which was observed in treatments receiving low rates of SA. 
Similarly, when a reduction in pre-harvest parameters occurred on the application of 
higher dose of SA, correspondingly a sharp decline in fruit yield was also taken place 
(Figures 4.9 and 4.10). These changes in SA treated plants were purely a consequence of 
SA because SA signals for the onset of systematic acquired resistance (SAR) against 
reactive oxygen species (ROS) and protects cell organelles from being degraded by ROS 
(Chen et al., 1993; Kawano and Muto, 2000; Khan et al., 2003; Ezhilmathi et al., 2007; 
Cag et al., 2009; Neerja et al., 2013). Wang et al. (2007) reported that foliar application 
of SA inhibited auxin signaling and activated disease-resistance mechanism while 
Rajkumar et al. (2008) reported that foliar application of SA activated gene responsible 
for SAR during eliminating fungal and bacterial diseases. Foliar application of SA 
eradicated damping off disease in pepper/chilies by biologically controlling activity of 
Pseudomonas spp. (Rajkumar et al., 2008). According to Nadia et al. (2007), foliar 
application of SA significantly decreased disease severity index of the early blight due to 
an increase in antioxidant activity. Similar findings were reported by Najafian et al. 
(2009). The improvement in shoot dry weight in SA treated plants (Figure 4.11) occurred 
as a result of improvement in LAI, chlorophyll contents and enhanced photosynthetic 
activity (Figure 4.12). There was more shoot dry weight in plants with more LAI, 
chlorophyll contents and PN and vice versa (Figure 4.11). Wang et al. (2010) also found 
more dry weight production due to more net photosynthetic rate and antioxidant enzymes 
activities when they sprayed SA on tomato plants. An improvement in chlorophyll 
contents might be due to SA ability to promote antioxidant activity and protect 
photosynthetic pigment degradation by ROS. These facts can be further supported by the 
mean data given in Figure 4.12 whereas it is obvious that there is more SOD activity with 
low lipid peroxidase activity where chlorophyll contents are more (Figure 4.11) i.e. in the 
treatment receiving SA below 0.3 mM. But at higher rates of SA, a decrease in 
chlorophyll contents and PN (Figure 4.12) is due to the failure of SA to limit LP activity 
and enhance the SOD activity (Figure 4.12). The possible explanation of these effects is 
the role of SA as an anti-transpiration agent due to disturbing activity of ABA. ABA is 





**Photosynthetic water use efficiency, SA = Salicylic acid 
Markers with same letter(s) do not differ at p= 0.05 according to LSD test (LSD value = 0.0679). 
Bars with same letter(s) do not differ at p= 0.05 according to LSD test (LSD value = 2.6179). 
 
Figure 4.9 Mean effect of different rates of SA on fruit yield and photosynthetic water 
use efficiency in two cultivars of sweet pepper in the presence and absence of 
NPK fertilizers under wire-house conditions (only mean effect of rates of SA 
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Markers with same letter(s) do not differ at p = 0.05 according to LSD test, SA = Salicylic acid 
LSD for leaves = 5.0147, LSD for plant height = 0.2601, LSD for branches = 0.3741 
LSD for flowers = 1.5660, LSD for fruits = 0.5195 
 
Figure 4.10 Mean effect of different rates of SA on number of branches and leaves per 
plant in two cultivars of sweet pepper in the presence and absence of NPK 
fertilizers under wire-house conditions (only mean effect of rates of SA is 
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Markers with same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD for shoot dry weight = 0.4797, LSD for LAI = 0.00115 
LSD for chlorophyll contents = 0.3693, LSD for photosynthetic rate = 0.0852 
 
Figure 4.11 Mean effect of different rates of SA on pre-harvest and post-harvest variables 
observed in two cultivars of sweet pepper in the presence and absence of 
NPK fertilizers under wire-house conditions (only mean effect of rates of SA 
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Markers with same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD for SOD = 0.0404, LSD for LP = 0.000423 
LSD for P contents = 0.0142, LSD for K contents = 0.0512, LSD for N contents = 0.1666 
Figure 4.12 Mean effect of different rates of SA on SOD, LP and mineral nutrients in two 
cultivars of sweet pepper in the presence and absence of NPK fertilizers 
under wire-house conditions (only mean effect of rates of SA is given just to 
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leaves. At higher dose of SA, ABA failed to open the stomata, thus a heat stress may be 
induced in the leaves that boost up the production of ROS. These ROS later starts a chain 
reaction of lipid peroxidation and lead to destruction of cell organelles. Therefore, higher 
lipid peroxidase (LP) activity is the indication of this phenomenon. Higher LP activities 
were recorded in plant sprayed with higher doses of SA compared to control. Figure 4.12 
elaborates that increase in shoot dry weight that might be more efficient uptake of 
nutrients by the plants as shoots of plants treated with SA˂0.4 mM were more enriched 
with N, P and K contents compared to control. Jayakannan et al. (2013) also reported an 
increase in shoot K
+
 in those plants where foliar application of SA was performed. 
Ghasemzadeh and Jaafar (2013) also observed a significant improvement in nutrient 
uptakes by ginger due to improvement in POD, SOD and CAT enzymes after the 
application of SA on ginger. The difference in the morphological and physiological 
growth parameters of two cultivars of sweet pepper was just because of genetic 
difference.  
4.6.3 Conclusion 
It is obvious from results that morphological and physiological changes in the 
growth of sweet pepper cv. Yolo Wonder F-1 were more prominent to foliar application 
of SA compared to sweet pepper cv. Royal Wonder F-1. From the results, it can be 
concluded that foliar application of SA at 0.2 mM is the most productive and beneficial in 
all tested rates as it induced maximum improvement in different morphological and 
physiological parameters to get more fruit yield.   
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4.7 Experiment 7 
Comparative effect of calcium carbide dependent released ethylene and 
salicylic acid on morphological and physiological parameters and yield of 
sweet pepper under salinity stress conditions 
4.7.1 Background 
In experiment 5, effect of application of two types of coated calcium carbide 
formulations was investigated on the growth and yield of sweet pepper cv. Yolo Wonder 
F-1 by conducting a pot trial. The results of experiment 5 indicated that application of 30 
or 40 mg CaC2 kg
-1
 soil caused a significant reduction in pre-harvest and post-harvest 
yield variables of sweet pepper (Table 4.26). This decrease in growth and yield was due 
to either too much release of ethylene from CaC2 or more biosynthesis of endogenous 
ethylene because even a slight change in environment (biotic and abiotic stresses) can 
speed up the biosynthesis of endogenous ethylene. The reduction in growth and yield on 
the application of higher rates of CaC2 have been reported by different researchers 
particularly Siddiq et al. (2012) in tomatoes, Kashif et al. (2012) in okra, Ahmad et al. 
(2012) and Mahmood et al. (2009) in wheat. But none of them had unveiled whether this 
effect was either due to over dose of exogenous ethylene or abrupt release of ethylene 
from CaC2 or more biological conversion of ACC into ethylene within the plants. 
Therefore, a study was planned to investigate the effect of CaC2 dependent released 
ethylene in the presence and absence of salicylic acid (a distinguished inhibitor of 
ethylene biosynthesis) on some morphological and physiological parameters of sweet 
pepper. As the most important detrimental effect of ethylene is senescence which 
becomes more noticeable whenever plants suffer from osmotic stress, so this study was 
conducted under salinity stress conditions because salinity stress speeds up biosynthesis 
of ethylene in the plant. Moreover, the effect of salicylic acid on different enzymes and 
antioxidant activities becomes more prominent whenever salinity stress is applied to 
plants. Consequently, for better understanding of comparative effects of salicylic acid and 
calcium carbide dependent ethylene on morphological and physiological parameters of 
sweet pepper, saline water was used for irrigating plants instead of normal quality canal 
water during this study. The levels of saline water used were selected on the basis of 
results from a separate pot trial conducted alongside experiment 6 (4.6). The maximum 
reductions in different yield parameters and fruit yield of sweet pepper cv. Yolo Wonder 
F-1 were observed when plants were irrigated with water of EC 6 dS m
-1
 (Table 4.27).  
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Table 4.26 Overview of mean effect of high and low rates of calcium carbide on some 
yield attributes and fruit yield of sweet pepper cv. Yolo Wonder F-1 under 
wire-house conditions (Summary of results from experiment 5 i.e. effect of 
low and high rates of CaC2 on growth and yield of sweet pepper) 


























0 26.12 d 10.75 d 538 d 303 d 54.36 d 
10 30.87 c 12.00 c 597 c 375 c 58.05 c 
20 34.56 a 13.87 a 638 a 414 a 66.80 a 
30 33.56 ab 13.93 a 612 b 392 b 62.42 b 
40 33.06 b 13.00 b 585 c 364 c 59.31 c 
LSD 1.3146 0.3223 12.302 19.54 1.2812 
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
 
Table 4.27 Reduction in yield attributes and yield of sweet pepper cv. Yolo Wonder F-1 
on the application of normal water followed by saline water under wire-house 

































































LSD 1.632 0.876 14.765 6.765 0.761 
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
 Values in parenthesis indicate % decrease compared to control (0 dS m
-1
) due to saline water. 
  Note: All treatments have addition of recommended dose of NPK fertilizers 
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Results of experiment 5 revealed that the effect of polyethylene coated CaC2 on growth 
and yield parameters was more prominent than paint coated CaC2. Therefore, 
polyethylene coated CaC2 was used during this experiment. It was observed in 
experiment 6 that response of sweet pepper cv. Yolo Wonder F-1 to foliar application of 
SA was statistically at par. Therefore, Yolo Wonder F-1 was used as cultivar of sweet 
pepper in this study.  
4.7.2 Results 
4.7.2.1 Morphological parameters 
Application of CaC2 with and without SA significantly affected different growth 
and yield parameters such as plant height, number of leaves per plant, leaf area, number 
of flower and fruits per plant, flower to fruit conversion percentage and harvest index 
(Table 4.28). Results related to yield attributes of sweet pepper suggested that foliar 
application of SA significantly alleviated the side effects of CaC2 on yield attributes 
under saline conditions (Table 4.28). A significant reduction in all parameters noted at 
higher rates of CaC2 was not only removed but also showed increase over control after 
the combined application of highest rate of CaC2 along with SA. As the objective of all 
research work is to accelerate crop productivity, therefore, parameters related to fruit 
yield of sweet pepper are only being discussed here in detail.  
4.7.2.1.1 Shoot dry weight 
Improvement in shoot biomass per plant generally provides a strong foundation 
for the production of more fruits per plants. Shoot biomass is the outcome of all 
physiological activities such as photosynthetic rate and antioxidant activates. As any 
increase in physiological parameters gives rise to production of higher shoot biomass, so 
upsurges in shoot dry weight per plant were also recorded to highlight SA and CaC2 
induced improvements in physiological parameters of sweet pepper. Data related to shoot 
dry weight per plant is graphically shown by Figure 4.13. A decrease in shoot dry weight 
per plant was observed in plants treated with the highest rate of CaC2 compared to that of 
control; however, plants treated with 30 mg CaC2 kg
-1
 soil along with SA showed 7 to 
24% more shoot dry weight compared to that of plants treated with 30 mg CaC2 kg
-1
 
without SA (Figure 4.13). Moreover, comparative effect of SA and CaC2 revealed that 
application of CaC2 dependent ethylene along with foliar application of SA was beneficial 
than application of CaC2 without foliar application of SA because plants sprayed more 








Table 4.28 Variations in different morphological parameters as influenced by ethylene released from low and high rates of calcium carbide with 
and without salicylic acid application under salinity stress conditions (Each value is mean of 8 plants with and without 
recommended doses of NPK fertilizers.) 































0 mM 31.45 c 98.3 k 2324 k 29.0 i 10.2 j 35.2 f 31.3 g 
0.1 mM 29.81 gh 103.2 f 2453 j 33.5 ef 13.7 b-d 35.7 de 32.7 cd 
0.3 mM 29.21 ij 101.9 h 2710 c 36.0 ab 12.9 e 35.433 e 33.3 ab 




0 mM 34.56 a 102.2 g 2522 hi 33.5 ef 14.1 a 37.5 b-e 31.8 e-g 
0.1 mM 31.00 d 106.3 c 2635 de 34.9 cd 13.5 cd 37.5 b-e 32.7 cd 
0.3 mM 29.48 hi 105.2 d 2784 b 36.4 a 12.8 e 36.9 b-e 33.1 a-c 




0 mM 32.96 b 106.4 c 2416 j 32.4 g 14.0 a 37.9 a-c 31.6 fg 
0.1 mM 30.71 de 107.5 b 2583 e-g 34.1 d-f 13.4 d 37.9 a-c 32.2 de 
0.3 mM 29.78 gh 109.2 a 2861 a 36.8 a 12.4 f 37.9 a-c 33.2 a-c 




0 mM 30.76 de 101.2 i 2286 k 31.2 h 13.7 bc 36.0 b-e 32.0 ef 
0.1 mM 30.41 ef 102.2 g 2533h 33.3 fg 12.9 e 36.8 b-e 32.3 de 
0.3 mM 30.06 fg 103.2 f 2684 cd 35.9 ab 12.3 fg 37.7 b-d 32.8 b-d 
0.5 mM 28.80 jk 104.2 e 2680 cd 35.3 bc 11.2 i 37.9 a 33.5 a 
LSD (PCC × SA ) 0.4474 0.1983 55.477 0.9048 0.3368 2.0722 0.5878 





Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD value for SA× CaC2 = 0.3853 
 
Figure 4.13 Shoot dry weight (g plant
-1
) of sweet pepper as influenced by application of 
polyethylene coated calcium carbide with and without foliar application of 






































Concentration of SA (mM) 
0 mg calcium carbide per kg soil 10 mg calcium carbide per kg soil
20 mg calcium carbide per kg soil 30 mg calcium carbide per kg soil
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soil even under osmotic stress (Figure 4.13).  
4.7.2.1.2 Fruit yield 
The overall objective of whole research work was to search ways for making 
CaC2 more effective non-conventional approach for narrowing down the gap between 
potential and farmers obtained yield of sweet pepper. Calcium carbide has already shown 
its effectiveness for narrowing down this gap but calcium carbide even applied optimum 
dose can cause a great loss of yield due to leaf and fruit senescence due to abrupt release 
of ethylene in the case of failure of coating material or due to excessive biosynthesis of 
ethylene within the plants. So, there are some cautions of this non-conventional approach 
such as precise application of CaC2 with no stress and effective and durable coating 
material. Although, it is not tough job to apply CaC2 at right dose but release of acetylene 
and ethylene from CaC2 grains after soil application is also not easy to govern. Moreover, 
the ethylene concentration may rise from permissive limits due to some stress or 
environmental conditions or unexpected rupturing of coating material, then the chances 
for detrimental effects on growth and yield of plants can be expected. This problem can 
be sorted out by the application of CaC2 along with foliar application of SA because 
application of CaC2 even at higher rates but along with SA positively regulated different 
morphological parameters of sweet pepper and finally improved fruit yield per plant by 5-
51% compared to application of CaC2 without SA. 
 A reduction in fruit yield per plant was induced by more release of ethylene from 
30 mg CaC2 kg
-1
 soil which was compensated by foliar application of SA (Figure 4.14). 
Moreover, foliar application of SA also accelerated the fruiting potential of plants treated 
with 10 and 20 mg CaC2 kg
-1
 soil that was decreased by salinity stress (Table 4.26). The 
increased yield per plant had close association with pre-harvest parameters observed in 
sweet pepper as a result of combined application of SA and CaC2 (Figure 4.14 and Table 
4.28). About 4 to 29% increase in fruit yield compared to that of control was recorded due 
to significant increase in pre-harvest parameters on the combined application of CaC2 
along with different rates of SA (Figure 4.14) 
4.7.2.1.3 Fruit ascorbic acid contents 
Fruit ascorbic acid contents determine the fruit quality. It is well documented that 
fruits enriched in ascorbic acid have more shelf life than those with less ascorbic acid 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD value for SA × CaC2 = 2.5481 
 
Figure 4.14 Fruit yield of sweet pepper (g plant
-1
) as influenced by application of 
polyethylene coated calcium carbide with and without foliar application of 
salicylic acid under salinity stress conditions 
 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD value for SA × CaC2 = 0.000332 
 
Figure 4.15 Variations in ascorbic acid contents (µmol mg
-1
) in fruits of sweet pepper as 
influenced by application of polyethylene coated calcium carbide with and 
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acid contents whereas application of low rates of CaC2 without foliar application of SA 
significantly improved fruit ascorbic contents (Figure 4.15). Fruits of plants treated with 
significantly (Figure 4.15). Data indicated that fruits picked from plants of control 
treatments were poor in ascorbic high dose of CaC2 (30 mg kg
-1
 soil) were inferior quality 
compared to those of control plants due to relatively low ascorbic contents. However, 
fruits of plants treated with both SA and CaC2 were of superior quality with 4 to 24% 
more ascorbic contents than that of control. The shelf life of these fruits was not only 
relatively higher than those fruits picked from control but also from those fruits picked 
from plants treated with alone CaC2.  
4.7.2.2 Physiological parameters 
To support the results related to morphological parameters, comparative effects of 
different rates of polyethylene coated CaC2 with and without SA on some physiological 
parameters such as photosynthetic, antioxidant activity and enzyme activities were also 
studied under salinity stress conditions. Results revealed that CaC2 and SA induced 
variations in physiological parameters were more noticeable due to salinity stress. Data 
revealed that CaC2 with foliar application of SA significantly improved these 
physiological parameters of sweet pepper. Moreover, results revealed that the injurious 
effects of abrupt release of C2H4 from high rates of CaC2 on plant physiology were 
overwhelmed when foliar application of SA was also carried out in addition to CaC2 
addition. The details variations in some physiological parameters under the application of 
different rates of CaC2 dependent C2H4 with and without SA are given below: 
4.7.2.2.1 Lipid peroxidation 
  Under stress conditions, the level of lipid peroxidation (LP) rises and plants start 
to show symptoms of induced stress on growth. However, improvements in plant 
morphology occurred as the level of lipid peroxidation declined in the leaves. Data related 
to comparative effect of salicylic acid and calcium carbide on lipid peroxidation is 
graphically shown by Figure 4.16. In plants without SA or CaC2, the value of lipid 
peroxidation was 0.394 µmol g
-1
 which was decreased to 0.379 and 0.373 µmol g
-1
 on 
alone application of 10 and 20 mg kg
-1
 soil CaC2, respectively. However, its value 
increased to 0.442 µmol g
-1
 in plants treated with 30 mg kg
-1
 soil CaC2. As the salinity 
stress to all treatments was same, therefore, this increase in lipid peroxidation was 
entirely due to excessive release of ethylene from 30 mg kg
-1
 soil CaC2. Results also 
revealed that the effect of excessive release of ethylene from 30 CaC2 kg
-1




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD value for SA × CaC2 = 0.000554 
 
Figure 4.16 Variations in lipid peroxidation (µmol g
-1
) in leaves of sweet pepper as 
influenced by application of polyethylene coated calcium carbide with and 
without foliar application of salicylic acid under salinity stress conditions 
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completely mitigated by the foliar application of SA because the lipid peroxidation level 
ranged from 0.415 to 0.433 µmol g
-1 
in plants treated with 30 mg kg
-1
 soil CaC2 plus SA 
compared to 0.442 µmol g
-1
 in plants treated with only 30 mg kg
-1
 soil CaC2 (Figure 
4.16). Similar response was also observed in combined application of 20 mg kg
-1
 soil 
CaC2 and SA. Results suggest that combined application SA and CaC2 is helpful for 
alleviating the injurious effects of ethylene on plant growth due to a significant decrease 
in lipid peroxidation. 
4.7.2.2.2 Superoxide dismutase 
 It is considered as one of the most important antioxidant in nearly all cells 
exposed to oxygen. Whenever plants acquire resistance against stress and tolerate stress, 
their SOD activity comparatively becomes more than those which die due to stress. Its 
effect in plants is quite opposite to that of lipid peroxidation. Results graphically shown 
by Figure 4.17 revealed that SOD activity was significantly affected by foliar application 
of SA and soil application of CaC2. In control, SOD contents were about 4.3 units mg
-1
 
which were improved from 4.6 to 5.7 unit mg
-1
 due to application of CaC2 with and 
without foliar application of SA. Although, alone application of 10 and 20 mg CaC2 kg
-1
 
soil improved SOD activity but application of 30 mg CaC2 kg
-1
 soil inhibited growth due 
to insufficient SOD activity that was much lower than that of control. As at the low rates 
of CaC2, there was improvement in SOD activity, so, reduction in SOD at high rates 
indicated that plants were suffering from ethylene stress due to more release of ethylene 
from the application of 30 mg CaC2 kg
-1
 soil. The ethylene released from higher doses of 
CaC2 was too much that plants could not activate their defense system. However, when 
SA was applied together with CaC2, an improvement in SOD activity took place. In all 
treatments, SOD activity in plants treated with SA plus CaC2 was higher than in those 
plants treated with alone CaC2 (Figure 4.17). Results revealed that application of SA 
alleviated the harmful effects of ethylene under saline stress on sweet pepper by 
activating the systematic acquired system of plant in terms of more SOD activities in the 
plant tissues.  
4.7.2.2.3 Peroxidase 
Peroxidase (POD) due to its enzymatic action prevents plants from the ill effects 
of ROS and plays effective role in plant defense system. Results related to POD activity 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD value for SA × CaC2 = 0.0334, SOD = Superoxide dismutase 
 
Figure 4.17 Variations in superoxide dismutase activity (units mg
-1
) in leaves of sweet 
pepper as influenced by application of polyethylene coated calcium carbide 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD value for SA × CaC2 = 0.0105, POD = Peroxidase  
 
Figure 4.18 Variations in peroxidase activity (units mg
-1
) in leaves of sweet pepper as 
influenced by application of polyethylene coated calcium carbide with and 
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The variation in POD activities were found parallel to that of SOD (Figure 4.18). 
Plants treated with 30 mg CaC2 kg
-1 
soil failed to activate their defense system to mitigate 
the injurious effects of ethylene on growth of sweet pepper. That is why; these plants had 
less POD activity. However, the plants treated with 30 mg kg
-1
 soil CaC2 and SA showed 
better growth (Table 4.28) due to a significant increase in POD activity. Results related to 
POD antioxidant activities revealed that addition of CaC2 with foliar application of SA 
can enable plants to survive under stress conditions. 
4.7.2.2.4 Total photosynthetic pigments 
Photosynthetic pigments particularly chlorophyll a+b is physiologically very 
important for plant growth. If leaves have more chlorophyll contents, the rate of 
photosynthesis will be more and vice versa. Leaves of plants suffering from some stress 
always have less chlorophyll contents due to more destruction of photosynthetic 
machinery by reactive oxygen species (ROS). So, chlorophyll contents were determined 
in the leaves and compiled results are shown by Figure 4.19.  
Plants treated with low rates of CaC2 had more chlorophyll contents than control 
plants but a significant reduction in chlorophyll contents compared to that of control was 
observed in plants treated with high doses of CaC2. This reduction in chlorophyll contents 
was reversed in those plants where high rate of CaC2 was applied along with foliar 
application of SA (Figure 4.19). Foliar application of SA even to those plants treated with 
low rates of CaC2 was also beneficial as it improved photosynthetic pigments by 8 to 44% 
compared to plants treated with CaC2 without SA application. 
4.7.2.2.5 Net photosynthetic rate 
Application of both, SA and CaC2 either alone or together significantly affected 
photosynthetic activity (Figure 4.20). Application of CaC2 in the absence of SA, although, 
boosted up net photosynthetic rate compared to that of control even under stress condition 
but such upsurges were observed only on the application of lower rates of CaC2 because 
application of 30 mg kg
-1
 soil CaC2 without SA suppressed net photosynthetic rate. 
However, the combined application of SA and CaC2 not only caused improvement in 
photosynthetic rate in plants treated with 10 and 20 mg kg
-1
 soil CaC2 but also removed 
the detrimental effect of ethylene on photosynthetic rate in plants treated with 30 mg 
CaC2 kg
-1
 soil. Results revealed that combined application of CaC2 and SA is more 





Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. SA = Salicylic acid 
LSD value for SA × CaC2 = 0.00378 
 
Figure 4.19 Variations in total chlorophyll contents (mg g
-1
) in leaves of sweet pepper as 
influenced by application of polyethylene coated calcium carbide with and 
without foliar application of salicylic acid under salinity stress conditions 
 
 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test.SA = Salicylic acid 
LSD value for SA × CaC2 = 0.0620 
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Calcium carbide releases ethylene to plants indirectly. When calcium carbide is 
applied into soil, it releases acetylene on hydrolysis which later is biologically converted 
into ethylene. Although, microbial activity plays a key role in the conversion process but 
still the release of acetylene from calcium carbide is of key importance. So, the release of 
acetylene from calcium carbide decides whether effect of applied calcium carbide on the 
growth and yield of plant will be promontory or inhibitory. A reduction in different 
physiological, morphological and yield parameters on the application of higher rate of 
calcium carbide had already been reported by several researchers. The reduction in yield 
on the application of higher rates of calcium carbide is due to more release of acetylene 
from calcium carbide that resulted in abrupt rise in ethylene concentration because 
acetylene itself induced ethylene response in plants. Arshad and Frankenberger (2002) 
have reported acetylene to ethylene response in plants but this phenomenon depends on 
the concentration of acetylene. It was also observed that significant improvements in all 
physiological parameters such as net photosynthetic rate, SOD and POD activities, 
chlorophyll contents, shoot dry weight and fruit yield per plant on the application of CaC2 
without SA occurred only in those plants where CaC2 was applied at 10 or 20 mg kg
-1
 
soil. These improvements were due to less release of acetylene from calcium carbide as 
there was reduction in physiological and morphological parameters on the application of 
CaC2 ˃20 mg kg
-1 
soil under normal and saline conditions. So, it can be concluded that 
significant increases in morphological and physiological parameters were due to 
comparatively less release of acetylene from the application of CaC2 ≤20 mg kg
-1
 soil 
than CaC2 ˃20 mg kg
-1
 soil (Pratt and Goeschi, 1969). Moreover, inhibition of 
morphological and physiological parameters on the application of 30 mg CaC2 kg
-1
 soil 
without SA was purely because of too much acetylene release from CaC2 because effect 
of endogenous ethylene on these parameters can be excluded because endogenous 
ethylene biosynthesis in applied rates of CaC2 was same due to similar conditions of wire-
house. A reduction in different growth and yield of okra due to excessive discharge of 
acetylene from CaC2 was also reported by Kashif et al. (2009). Furthermore, Mahmood et 
al. (2009), Ahmad et al. (2012), Siddiq et al. (2012) and Yaseen et al. (2012) also 
reported a significant reduction in growth and yield on the application of higher rates of 
calcium carbide. The plant response to exogenous ethylene application has been 
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documented to be ethylene concentration dependent by all those researchers who used 
exogenous ethylene for improving plant growth and yield. 
Results also indicated that there was a significant increase in morphological and 
physiological parameters due to foliar application of SA ≤0.3 mM without application of 
CaC2. These improvements in different physiological and morphological parameters of 
sweet pepper were due to prominent physiological role of SA. Salicylic acid acts as stress 
releasing hormone and alleviates changes induced by osmotic stress into physiology and 
morphology of plants. Moreover, SA suppresses biosynthesis of C2H4 either by inhibiting 
ethylene forming enzyme (Yang and Hoffman, 1984; Mattoo and Suttle, 1991) or 
promoting polyamine (Freschi, 2013), supermidine or spermine biosynthesis within the 
plants (Lieberman, 1979). Exogenous application of salicylic acid has been proven to 
influence a range of diverse processes in plants, including stomatal closure, ion uptake 
and transport (Gunes et al., 2005), membrane permeability (Barkosky and Einhellig, 
1993) and photosynthetic and growth rate (Khan et al., 2003). Results also directed that 
these changes in physiological parameters were due to more superoxide dismutase (SOD) 
and peroxidase activities. Upsurges in antioxidant activities as result of SA application 
have also been observed by Nadia et al. (2007), Asadi et al. (2013), Agostini et al. 
(2013), Khamseh et al. (2013), Baninasab and Baghbanha (2013) and Naderi et al. 
(2013).  
All growth parameters showed improvements on the application of CaC2 with SA 
over control treatment. These improvements might be happened due to protective role of 
SA as it acts as signaling agent and signals for enhancing enzymes and antioxidant 
activities against stress.  This explanation looks more appropriate for the mitigation of 
stress in plants treated with both CaC2 and SA because plants treated with SA and CaC2 
had more SOD and POD activities with significant less lipid peroxidation compared to 
plants where CaC2 was applied without foliar application of SA. Therefore, plants treated 
with SA and CaC2 successfully tolerated stress induced by ethylene due to a significant 
gain in antioxidant activities. Moreover, combined application of SA with high dose of 
CaC2 showed a recovery and significant increase in growth parameters over those plants 
treated with high rates of CaC2 alone. This might be happened due to reduction in C2H4 
biosynthesis as SA has been reported to lessen ethylene biosynthesis by several 
researchers such asYang and Hoffman (1984), Roustan et al. (1990), Mattoo and Suttle 
(1991), Fan et al. (1998) and Leslie and Romani (1988). It is also reported that 
139 
 
exogenously applied SA is quickly converted into endogenous SA and suppressed 
biosynthesis of endogenous C2H4 by increasing polyamine contents (Roustan et al., 1990; 
Pandey et al., 2000; Nemeth et al., 2002). This accumulation of polyamine not only 
hinders the ACC conversion into C2H4 but also develops resistance in plants against 
biotic or abiotic stresses and enables plants to survive under stress conditions (Mattoo and 
Aharoni, 1988).  
4.7.4 Conclusion 
Application of SA along with CaC2 eliminated the deteriorative effects of not only 
salinity but also ethylene in sweet pepper cv. Yolo Wonder. A reduction in physiological 
and morphological parameters occurred when polyethylene coated CaC2 was applied at 
rate higher than 20 mg kg
-1
 soil, however, this reduction was reversed when these rates of 
polyethylene coated CaC2 were applied along with foliar application of salicylic acid. 
Form the above discussion and results obtained, it can be concluded that combined 
application of CaC2 and SA is more productive and beneficial for improving growth and 





This section includes results on field experiments. Two field experiments were 
conducted at two different locations for evaluating the effectiveness of salicylic acid and 
calcium carbide for improving growth, yield and quality of sweet pepper. First field 
experiment was conducted in a walk-in-tunnel at vegetable research area of Institute of 
Horticultural Sciences, University of Agriculture, Faisalabad while second field 
experiment was conducted at a progressive farmer‟s field in a walk-in-tunnel at Chak 
Jhumra, Faisalabad. For both field experiments, each experiment was planned on the 
basis of results from preliminary studies conducted under laboratory and wire-house 
conditions (Sections I and II). Same rates of SA and CaC2as used during experiment 7 
were also used to investigate the comparative effect of CaC2 with and without SA on 
growth and yield of sweet pepper under field conditions. The type of coating was selected 
on the basis of results of experiment 5 (effect of polyethylene and paint coated CaC2 on 
sweet pepper). It was assumed that each plant roots of sweet pepper was surrounded by 
soil equivalent to 10 kg, so polyethylene coated CaC2 were applied 100, 200 and 300 mg 
plant
-1
 calculated from the rates used in experiment 7 (Section II) i.e. 10, 20 and 30 mg 
kg
-1
 soil. The detailed results obtained from these field studies are given below: 
4.8 Experiment 8 
Evaluation of effects of calcium carbide and salicylic acid on yield and growth 
of sweet pepper under tunnel conditions 
4.8.1 Results 
This experiment was conducted in a walk in tunnel (high tunnel) at vegetable 
research area of Institute of Horticultural Sciences, University of Agriculture, Faisalabad. 
The objective of this study was to study the influence of polyethylene coated CaC2 with 
and without foliar application of SA on some morphological and physiological 
parameters of sweet pepper cv. Yolo Wonder F-1 under a tunnel structure fitted with 
automatic drip irrigation and nutrient supply systems. Treatment plan included four level 
of polyethylene coated CaC2 (0, 100, 200 and 300 mg plant
-1
) and foliar application of 
four rates of SA (0, 0.1, 0.3 and 0.5 mM). The experiment was conducted in second week 
of November, 2012. Plants were tagged according to treatment plant before the 
application of treatments and data related to growth and yield parameters was collected 
from these tagged plants. The data collected is given under three subheadings;  
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(A) Physiological parameters  
(B) Parameters related to yield attributes  
(C) Parameters related to nutrient use efficiency 
(D) Parameters related to fruit quality 
The details of all these parameters recorded during growth and at maturity of crop are 
given below:  
4.8.1.1 Physiological parameters 
Plant growth regulators particularly ethylene and salicylic acid play a key role in 
the plant physiology. Differential variations in physiological parameters such as 
photosynthetic, antioxidant and enzymatic parameters were observed in CaC2 and SA 
treated plants. Results revealed that application of alone CaC2 or SA significantly 
improved these physiological parameters in the treatments receiving a rate less than 0 300 
mg plant
-1
of CaC2 or 0.3 mM of SA. However, it was also noticed that application of 
CaC2 plant
-1
 negatively affected plant growth; however, application of 300 mg CaC2 
plant
-1
 showed improvements in physiological parameters after the application of SA. 
Alone and combined application of CaC2 less than 300 mg plant
-1
 and SA positively 
affected plant growth and yield. So, mitigation of damaging effects of ethylene on 
different physiological parameters in plants treated with both CaC2 and SA. These results 
suggested a synergistic relationship between CaC2 and SA application. The detailed 
results related to CaC2 and SA induced changes in physiological parameters in sweet 
pepper under field conditions are given below: 
4.8.1.1.1 Lipid peroxidation 
 Variations in lipid peroxidation in leaves of sweet pepper receiving polyethylene 
coated CaC2 (PCC) with and without foliar application of SA are graphically shown by 
Figure 4.21. It is quite obvious from data that the plants treated with 200 mg plant
-1
 CaC2 
plus NPK fertilizers showed less lipid peroxidation compared to the plants receiving NPK 
fertilizers only. But the plants treated with 300 mg plant
-1
 CaC2 plus NPK had the highest 
lipid peroxidation contents compared to those that were not treated with CaC2 and SA 
(control). This increase in lipid peroxidation contents retarded plant growth and thus 
plants showed poor growth as a consequence of an excess release of C2H4 from CaC2. 
Similar trend in lipid peroxidation was also observed in plants treated with alone SA 
levels ˃0.1 mM i.e. without CaC2. However, where CaC2 was applied along with foliar 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test.  
LSD value for SA × PCC = 0.0348, PCC = Polyethylene coated CaC2. SA = Salicylic acid 
 
Figure 4.21 Showing variations in lipid peroxidation (µmol g
-1
) in leaves of sweet pepper 
receiving polyethylene coated calcium carbide with and without foliar 
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plants. It was also observed that the plants treated with 200 mg plant
-1 
CaC2 with and 
without 0.3 mM SA showed a significant reduction in lipid peroxidation. So, it can be 
concluded from the data shown by Figure 4.21 that the application of polyethylene coated 
CaC2 along with foliar application of SA could be a better strategy than application of 
alone SA or CaC2. 
4.8.1.1.2 Superoxide dismutase activity 
Data regarding the superoxide dismutase activity in leaves of sweet pepper 
elucidated that plants with more lipid peroxidation had less superoxide dismutase (SOD) 
activity while plants with less lipid peroxidation had more SOD activity (Figure 4.22). It 
was also observed that poor growth in plants treated with higher rates of CaC2 without SA 
might be due to less development due to slowest activity of SOD. However, application 
of 300 mg CaC2 plant
-1
 along with SA boosted up SOD activity and improved plant 
growth of sweet pepper even under the conditions of too much ethylene released from 
300 mg CaC2. Similarly, the plants treated with lower rates of CaC2 and SA showed a 
significant improvement in SOD activity compared to application of lower rates of alone 
SA or polyethylene coated CaC2 (Figure 4.22). It was estimated that application of CaC2 
with SA boosted SOD activities in leaves by 3-33% compared to that of control (plants 
with application of NPK fertilizers alone). 
4.8.1.1.3 Peroxidase activity 
 Peroxidase (POD) catalyzes hydrogen peroxide and organic hydro-peroxides 
particularly lipid peroxides and protects cell organelles from ROS by donating electrons 
and thus converts harmful identities into harmless ones in the cells. So, the higher POD 
activity means better growth of plants and maximum fruit yield. The plants with stunted 
growth or ill health always express less POD activity than that of those with good health 
and vigor. Thus, an improvement in POD activity means better adaptation of plants to a 
stress environment. That is why; physiologists are interested to enhance antioxidant 
activity of plants while developing a resistant variety. Effect of alone and combined 
application of CaC2 based C2H4and SA on POD activity is graphically shown by Figure 
4.23. It is depicted from the results that changes in POD were found parallel to SOD 
changes in SA or CaC2 treated plants because both, SOD and POD play similar role in the 
physiology. Data related to POD activity (Figure 4.23) revealed that the application of 
CaC2 dependent released ethylene with SA application had more advantage than 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SOD = Superoxide dismutase, SA = Salicylic acid 
LSD value for SA × PCC = 0.0114, PCC = Polyethylene coated CaC2. SA = Salicylic acid 
 
Figure 4.22 Showing variations in superoxide dismutase activity (unit mg
-1
) in leaves of 
sweet pepper receiving polyethylene coated calcium carbide with and 
without foliar application of salicylic acid 
 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test.  
POD = Peroxidase, SA = Salicylic acid 
LSD value for SA × PCC = 0.0046, PCC = Polyethylene coated CaC2 
 
Figure 4.23 Showing variations in peroxidase activity (unit mg
-1
) in leaves of sweet 
pepper receiving polyethylene coated calcium carbide with and without 
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4.8.1.1.4 Catalase activity  
Maximum catalase (CAT) activity (Figure4.24) was observed in plants of 
treatment of 300 mg CaC2 + 0.5 mM + NPK while least CAT activity was seen in plants 
sprayed with 0.5 mM SA without CaC2 application. Application of alone CaC2 directed 
an increase in catalase activity in plants up to rate of 200 mg CaC2 plant
-1
, then declined 
compared to that of control. Similarly, improvement in CAT activity was recorded in 
plants treated with SA ˂0.5 mM level. However, the combined application of CaC2 and 
SA accelerated CAT activity by 9 to 40% compared to that of control plants. As CAT is a 
very decisive enzyme in the plants and has the highest turnover numbers of all enzymes 
discussed in the manuscript. So, any drop in its activity signposts the poor growth of 
plants whereas an upsurge in its activity shows development of resistance in plants 
against stress. Therefore, a reduction in CAT activity at 300 mg CaC2 or 0.5 mM SA 
revealed negative effect of application of these high rates on plant growth. However, 
plants treated with both, 300 mg CaC2 and 0.5 mM SA showed an enhanced CAT activity 
which indicated that application of CaC2 and SA together play better role in plant 
physiological activities. It was also observed that plants could be able to tolerate the over 
dose of CaC2 released from CaC2 if CaC2 was applied along with the foliar application of 
SA (Figure 4.24).  
4.8.1.1.5 Proline contents  
Proline acts as an osmoregulant and quenches free ROS and protects plants from 
the damaging effects of an oxidative stress. Variations in proline contents as influenced 
by alone and combined application of CaC2 and SA have been shown by Figure 4.25. 
Relatively a reduced amount of proline contents was observed in those plants which 
showed low enzyme activities (Figures 4.22, 4.23 and 4.24). The treatments having 
higher rates of CaC2 or SA showed a decrease in proline contents like as were observed 
for SOD, POD and CAT activities (Figure 4.25). It was observed that proline contents 
were higher in plants treated with 200 mg CaC2 plant
-1
 along with 0.1 or 0.3 mM SA and 
these contents were 17 to 30% more than that of control plants receiving NPK fertilizers 
alone without SA and CaC2. Results also revealed that alone application of CaC2 and SA 
at optimum dose although caused 8-15% or 23-28% increase in proline contents, 
respectively over control, but combined application of CaC2 and SA showed 24 to 32% 
increase in proline contents in leaves of sweet pepper compared to that of control. 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
CAT = Catalase, SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 0.2830 
 
Figure 4.24 Showing variations in catalase activity (unit mg
-1
) in leaves of sweet pepper 
receiving polyethylene coated calcium carbide with and without foliar 
application of salicylic acid 
 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 0.0000198 
 
Figure 4.25 Showing variations in proline contents (µmol g
-1
) in leaves of sweet pepper 
receiving polyethylene coated calcium carbide with and without foliar 
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losses expected from over dose of ethylene. 
4.8.1.1.6 Total protein contents  
Alone or combined application of CaC2 and SA significantly affected the total 
protein contents of leaves (Figure 4.26). Highest protein contents were noted in the leaves 
of plants treated with 200 mg plant
-1
 CaC2 plus 0.1 mM SA in the presence of NPK 
fertilizers while minimum contents of total proteins were observed in plants sprayed with 
0.5 mM SA in the presence of NPK fertilizers or treated with 300 mg plant
-1
 CaC2.  
However, application of 300 mg plant
-1
 CaC2 along with SA foliar application alleviated 
the effect of C2H4 on the growth as the leaves of plants treated with 300 mg plant
-1
 CaC2 
and SA in the presence of NPK fertilizer had more total protein contents than that of 
plants treated with 300 mg plant
-1
 CaC2 alone. Thus, the combined application of CaC2 
and SA upturned the effect of ethylene from 300 mg CaC2 on growth of sweet pepper by 
boosting up the protein contents in the leaves of sweet pepper. 
4.8.1.1.7 Net CO2 assimilation rate 
As both, SA and C2H4 regulate the stomata opening by counteracting ABA 
hormone, Therefore, a significant effect of CaC2 or SA application on net CO2 
assimilation rate (photosynthetic rate) was also studied (Figure 4.27). In the presence of 
NPK fertilizers, all plants either treated with CaC2 or SA except plants treated with 0.5 
mM SA had higher net CO2 assimilation rate compared to plants not treated with SA and 
CaC2 (control). The descending order of the treatments with respect to the highest rate of 
CO2 assimilation was:  
0.1 mM + 200 mg CaC2 + NPK ˃ 0.3 mM + 200 mg CaC2 + NPK ˃ 200 mg CaC2 + NPK  
Data related to net CO2 assimilation rate indicated that the effect of unnecessary 
over released C2H4 from 300 mg CaC2 on CO2 assimilation rate was alleviated by foliar 
application of SA (Figure 4.27). So, foliar application of SA could be a useful strategy for 
making CaC2 as the most effective non-conventional approach for raising the productivity 
of vegetables. 
4.8.1.1.8 Water use efficiency  
To monitor variation in leaf water use efficiency, photosynthetic water use 
efficiency (PWUE) was calculated according to method given by Siddiq et al. (2012). 
Photosynthetic water use efficiency (PWUE) is a ratio of net photosynthetic rate to 
transpiration rate in the plants. Variation in PWUE was observed as a result of application 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 0.0460 
 
Figure 4.26 Showing variations in total protein contents (mg g
-1
) in leaves of sweet 
pepper receiving polyethylene coated calcium carbide with and without 
foliar application of salicylic acid 
 
 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 4.7965 
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application of alone 300 mg plant
-1
 CaC2 or 0.5 mM SA had higher PWUE than that of 
control (Figure 4.28). Comparatively least PWUE was observed in those plants where 
alone NPK fertilizers, 300 mg plant
-1
 CaC2 or 0.5 mM SA was applied while maximum 
PWUE was observed in the plants treated with 200 mg plant
-1
 CaC2 plus foliar application 
of 0.1 mM SA + NPK fertilizer. It was followed by application in plants treated with 100 
mg CaC2 + 0.1 mM SA + NPK fertilizers. 
4.8.1.1.9 Carboxylic efficiency 
Data related to carboxylic efficiency as a result of CaC2 application with and 
without SA foliar application is graphically shown by Figure 4.29. Data revealed a great 
variation in carboxylation efficiency of plants among different treatments compared to 
control. Maximum carboxylation efficiency was recorded in the plants treated with 200 
mg CaC2 and foliar application of 0.1 or 0.3 mM SA in the presence of NPK fertilizers 
while minimum efficiency was observed in plants treated 0.5 mM SA, followed by 
control plants and plants treated with 300 mg plant
-1
 CaC2.  
Comparison of rates of CaC2 indicated increase in carboxylation efficiency with 
increasing rate of CaC2 up to 200 mg plant
-1
 CaC2. Similarly, effect of foliar application 
of 0.1 mM SA on carboxylation efficiency was found statically higher among all tested 
rates of SA. Though, at highest rate of SA, a significant reduction in carboxylation 
efficiency was observed but it was improved in those plants where this rate of SA was 
applied along with CaC2. Similarly, effect of highest rate of CaC2 on carboxylation 
efficiency was also improved when it was applied along with foliar application of SA. 
Results suggested that combined application of CaC2 with foliar application of SA 
potentially alleviated detrimental effects of ethylene released from CaC2. Data also 
disclosed that application of CaC2 and SA in different combinations boosted up 
carboxylic efficiency in treated plants compared to that of control. 
An overview of variations in different photosynthetic parameters in plants 
receiving polyethylene coated CaC2 with and without foliar application of SA revealed 
that effect of alone CaC2 on photosynthetic water use efficiency, carboxylation efficiency 
and photosynthetic rate (CO2 assimilation rate) was found maximum in the treatment of 
100 or 200 mg plant
-1
 polyethylene coated CaC2 while this effect of alone SA was 
maximum in the treatment of 0.1 or 0.3 mM. Effects of both, CaC2 and SA showed that 
there was a significant decrease in photosynthetic activity of sweet pepper at highest rate 





Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 4.3730 
 
Figure 4.28 Showing variations in photosynthetic water use efficiency (µmol mmol
-1
) in 
leaves of sweet pepper receiving polyethylene coated calcium carbide with 
and without foliar application of salicylic acid 
 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 48.180 
 
Figure 4.29 Showing variations in carboxylic efficiency (µmol mol
-1
) in leaves of sweet 
pepper receiving polyethylene coated calcium carbide with and without 
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application of CaC2 and SA mitigated the negative effect of each other on photosynthetic 
machinery. Besides, it is also obvious from the data related to photosynthetic activity 
parameters that application of CaC2 dependent released ethylene caused more productive 
and effective improvement in photosynthetic parameters when foliar application of SA 
was carried out along with CaC2 application. Moreover, data also depicted that the 
reduction in photosynthetic parameters was just due to excessive release of C2H4 from 
higher rates of CaC2 and these effects on the plant growth can be alleviated by indicating 
the foliar application of SA in combination.  
4.8.1.2 Parameters related to yield attributes 
Results on different yield attributes as influenced by polyethylene coated CaC2 
application with and without foliar application of SA are presented in Table 4.29. 
Application of CaC2 dependent released ethylene along with SA showed superiority to 
their alone application i.e. CaC2 or SA. It is obvious from the data that reduction in 
different yield attributes as a consequence of too much C2H4 released from 300 mg CaC2 
or too high dose of SA can be reduced by combined application of both (Table 4.29). 
Details on some yield attributes are given below: 
4.8.1.2.1 Flower drop  
Data on flower drop as a result of application of polyethylene coated CaC2 with 
and without foliar application of SA in the presence of recommended doses of NPK is 
presented in Table 4.29 and Figure 4.30. Maximum flower drop was recorded in plants 
treated with 0.5 mM SA, followed by plants treated with 300 mg plant
-1
 CaC2 while it was 
the least in the case of plants treated with 200 mg plant
-1 
CaC2 without foliar application 
of SA. Statistical means of all treatments showed that combined application of CaC2 and 
SA resulted in a significantly less flower drop compared to that of control plants.  
4.8.1.2.2 Fruit yield  
Comparative effect of different rates of CaC2 and SA with recommended doses of 
NPK fertilizer on fruit yield per plant is graphically shown by Figure 4.31 and presented 
in Table 4.29. Results of this study exposed that application of CaC2 along with foliar 
application of SA positivity affected fruit yield per plant and removed the detrimental 
effects of ethylene on the yield. This improvement in yield occurred due to positively 
regulation of different the parameters going on within the plants of sweet pepper. A 





Table 4.29 Variations in different yield attributes of sweet pepper receiving polyethylene 



























PCC       
0 21.27 A 44.5 B 12.1 C 72.9 A 1214 C 46.2 C 
100 20.93 B 46.2 B 14.5 B 68.6 B 1407 B 46.7 B 
200 19.93 C 49.4 A 17.0 A 65.3 C 1649 A 47.2 A 
300 19.39 D 46.1 B 15.3 B 66.8 BC 1486 B 47.1 A 
SA       
0 21.05 A 43.6 B 13.4 C 69.1 B 1341 C 46.7 AB 
0.1 20.20 B 48.5 A 17.0 A 64.8 C 1643 A 46.9 A 
0.3 20.07 C 49.7 A 15.9 B 67.9 B 1540 B 46.6 B 
0.5 20.20 B 44.3 B 12.7 C 71.8 A 1232 D 46.9 AB 
LSD 0.0786 1.7856 0.8733 2.3749 84.885 0.3646 
PCC ×  SA       
0 
0 24.62 a 45.2 d-f 12.2 ij 72.9 b-d 1353 fg 47.1 ab 
0.1 18.63 j 48.7 b-d 15.2 e-g 68.2 d-f 1473 c-f 46.3 cd 
0.3 20.80 e 47.2 c-e 13.2 hi 71.8 b-d 1280 g 45.4 e 
0.5 21.02 d 36.7 h 7.7 l 78.7 a 749 i 45.8 de 
100 
0 21.67 b 43.2 fg 14.7 f-h 65.8 e-g 1425 d-g 45.8 de 
0.1 21.45 c 50.2 bc 18.0 a-c 64.1 fg 1739 ab 47.3 ab 
0.3 20.26 f 50.2 bc 14.7 f-h 70.6 b-d 1425 d-g 46.7 bc 
0.5 20.37 f 41.2 g 10.7 jk 73.9 bc 1039 h 46.8 bc 
200 
0 19.72 gh 44.7 e-g 16.5 c-e 62.5 g 1594 b-d 47.1 ab 
0.1 20.90 de 51.2 ab 18.5 ab 63.8 fg 1788 a 47.3 ab 
0.3 19.50 i 54.2 a 18.7 a 65.4 e-g 1812 a 47.2 ab 
0.5 19.61 hi 47.5 c-e 14.5 gh 69.4 c-e 1401 e-g 47.2 ab 
300 
0 18.20 k 41.5 g 10.2 k 75.2 ab 990 h 46.8 bc 
0.1 19.82 g 44.0 e-g 16.2 d-f 63.0 g 1570 b-e 46.9 bc 
0.3 19.72 gh 47.2 c-e 17.0 b-d 63.9 fg 1643 a-c 46.9 bc 
0.5 19.82 g 52.0 ab 18.0 a-c 65.3 e-g 1739 ab 47.6 a 
LSD 0.1572 1.0199 0.7618 4.7498 169.77 0.7291 
Values with same letter(s) in column for PCC do not differ at p = 0.05 according to LSD test. 
Values with same letter(s) in column for SA do not differ at p = 0.05 according to LSD test. 
Values with same letter(s) in column for interaction do not differ at p = 0.05 according to LSD. 
Note: All treatments were applied with recommended dose of NPK fertilizers.  







Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 4.7498 
 
Figure 4.30 Showing variations in flower drop (%) in sweet pepper receiving 




Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 169.77 
 
Figure 4.31 Showing variations in fruit yield (g plant
-1
) of sweet pepper receiving 
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Figure 4.32 Variations in fruit vigor and weight of randomly picked fruits as influenced by the application of polyethylene coated CaC2 with and 




without foliar application of SA. This reduction could be related to decrease in different 
physiological and photosynthetic parameter. However, this loss in yield could be 
compensated in plants by the application of 300 mg plant
-1
 CaC2 was applied along with 
foliar application of SA. Application of CaC2 up to 200 mg CaC2 without foliar 
application of SA resulted in 5 to 18% increase in fruit yield per plant compared to that of 
control while there was 27% reduction in the yield of those plants treated 300 mg plant
-1
 
CaC2 without foliar application of SA, however, this 27% loss in yield was compensated 
in those plants where this rate of CaC2 was applied along with foliar application of SA. 
Results also revealed that application of CaC2 along with foliar application of SA 
increased yield by 4 to 34% compared to that of plants in control treatments. These 
increases might be due to improvement in morphological and physiological parameters.  
Variation in fruit weight due to alone and combined application of CaC2 and SA is 
shown in Figure 4.32. As maximum fruit yield per plant was recorded on the application 
of 200 mg plant
-1
 CaC2 along with foliar application of 0.1 and 0.3 mM SA, therefore, it 
is suggested to use 200 mg polyethylene coated CaC2 (PCC) plant
-1
 along with foliar 
application of 0.1 to 0.3 mM SA for decreasing the gap between potential and actual yield 
of vegetables particularly sweet pepper. 
4.8.1.3Parameters related to fertilizer use efficiency 
Comparative effect of different rates of CaC2 and SA in the presence of 
recommended dose of NPK fertilizers on fertilizer use efficiency such as agronomic use 
efficiency, recovery efficiency and physiological use efficiency of N, P and K is 
presented by Tables 4.30 and 4.31. Results of this study revealed that the foliar 
application of SA along with addition of calcium carbide significantly improved fertilizer 
use efficiency because plants treated with CaC2 plus SA had better growth, so, they 
absorbed more nutrients compared to that of control or plants treated with high dose of 
CaC2 or SA. A reduction in N, P and K use efficiency was observed in plants where 300 
mg plant
-1 
CaC2 was applied without application of SA but the N, P and K use efficiency 
was improved in those plants treated with foliar application of CaC2 and SA. 
Data related to N, P and K recovery efficiency revealed (Table 4.30) that plants 
treated with all rates of SA except 0.5 mM showed a significant increase in N, P and K 
recovery efficiency compared to control. However, there was less N, P and K recovery 




Table 4.30 Main and interactive effect of salicylic acid and polyethylene coated calcium 
carbide and salicylic acid on agronomic and recovery efficiency of N, P and 
K in sweet pepper grown under tunnel conditions 
Treatment 






N P K N P K 
PCC       
0 192 D 192  D 96 D 38.7 D 14.9 C 15.1 D 
100 286 C 286  C 142 C 50.3 B 19.8 B 18.9 C 
200 385 A 385  A 192 A 58.8 A 22.8 A 21.9 A 
300 323 B 323  B 161 B 49.6 C 20.3 B 19.5 B 
SA       
0 251 D 251 D 125 D 46.5 D 17.5 C 16.8 D 
0.1 312 B 312 B 156 B 50.1 B 20.7 A 19.5 B 
0.3 327 A 327 A 163 A 53.4 A 20.5 A 20.5 A 
0.5 295 C 295 C 147 C 47.4 C 19.1 B 18.6 C 
LSD 5.373 5.3735 2.6868 0.72 0.517 0.2670 
PCC ×  SA       
0 
0 147 k 147 k 73 k 43.4 gh 11.7 g 12.2 k 
0.1 251  h 251h 125 h 43.2 h 18.4 c 18.1 g 
0.3 218  j 218 j 108 j 39.9 i 16.5 e 16.8 h 
0.5 153 k 153 k 76 k 28.4 j 12.8 f 13.1 j 
100 
0 238  i 238 i 118 i 44.7 fg 17.3 de 17.2 h 
0.1 347 d 347  d 173 d 59.1 c 23.1 a 21.7 c 
0.3 296 f 296 f 148 f 52.1 e 20.3 b 19.5 f 
0.5 262 g 26 g 131 g 45.5 f 18.6 c 17.4 h 
200 
0 348 d 348 d 173 d 54.4 d 23.0 a 20.5 d 
0.1 385 c 385 c 192 c 58.5 c 22.9 a 21.8 c 
0.3 464 a 464 a 231 a 70.4 a 23.1 a 25.6 a 
0.5 343  d 343 d 171 d 52.3e 22.2 a 19.8 ef 
300 
0 272 g 272 g 135 g 43.5 gh 18.2 cd 17.5 h 
0.1 267 g 267 g 133 g 39.9 i 18.4 c 16.3 i 
0.3 331 e 331 e 165 e 51.5 e 22.0 a 20.0 de 
0.5 423 b 423  b 211 b 63.6 b 22.7 a 23.9 b 
LSD 10.747 10.747 5.3735 1.4355 1.036 0.5340 
Values with same letter(s) in column for PCC do not differ at p = 0.05 according to LSD test. 
Values with same letter(s) in column for SA do not differ at p = 0.05 according to LSD test. 
Values with same letter(s) in column for interaction do not differ at p = 0.05 according to LSD. 
Note: All treatments were applied with recommended dose of NPK fertilizers.  







Table 4.31 Main and interactive effect of salicylic acid and polyethylene coated calcium 
carbide and salicylic acid on physiological efficiency of N, P and K in sweet 
pepper grown under tunnel conditions 
Treatment 




N P K 
PCC    
0 0.50 C 1.30 D 0.63 D 
100 0.57 B 1.44 C 0.75 C 
200 0.65 A 1.69 A 0.88 A 
300 0.65 A 1.59 B 0.83 B 
SA    
0 0.53 C 1.42 C 0.73 C 
0.1 0.63 A 1.51 B 0.80 A 
0.3 0.61  B 1.58 A 0.78 B 
0.5 0.611 B 1.51 B 0.77 B 
LSD 0.00804 0.0470 0.0136 
PCC ×  SA    
0 
0 0.34 h 1.29 ij 0.60 j 
0.1 0.58 ef 1.37 g-i 0.70 h 
0.3 0.55 g 1.33 hi 0.64 i 
0.5 0.54 g 1.20 j 0.58 j 
100 
0 0.53 g 1.38 f-h 0.69 h 
0.1 0.59 e 1.51d 0.80 ef 
0.3 0.57 f 1.47d-f 0.76 g 
0.5 0.58 ef 1.41 e-h 0.75 g 
200 
0 0.64 cd 1.51 d 0.85 cd 
0.1 0.66 ab 1.68 c 0.88 ab 
0.3 0.66 ab 2.03 a 0.91 a 
0.5 0.66 ab 1.55 d 0.86 bc 
300 
0 0.63 d 1.50 de 0.78 fg 
0.1 0.67 a 1.46 d-g 0.82 e 
0.3 0.64 bc 1.50 de 0.82 de 
0.5 0.67 a 1.88 b 0.88 ab 
LSD 0.0161 0.0940 0.0271 
Values with same letter(s) in column for PCC do not differ at p = 0.05 according to LSD test. 
Values with same letter(s) in column for SA do not differ at p = 0.05 according to LSD test. 
Values with same letter(s) in column for interaction do not differ at p = 0.05 according to LSD. 
Note: All treatments were applied with recommended dose of NPK fertilizers.  







nutrient efficiency was noted in the treatments consisting of combined application of 
CaC2 and SA. 
4.8.1.4Chemical composition analyses of fruits 
 Compositional variables like total soluble solids (TSS), vitamin C (Ascorbic acid) 
and total titratable acidity (TA) were determined in fruit of sweet pepper. 
4.8.1.4.1 Total soluble solids 
It is one of the most fundamental parameters to judge the quality of fruit. Total 
soluble solids (TSS) were measured by digital refractometer and values were expressed as 
°Brix (percentage). Data in Figure 4.33 show that different rates of PCC and SA 
significantly affected fruit quality related parameter TSS as compared to that in alone 
treated fertilizer (control). The effect of CaC2 application was found significant on TSS in 
harvested sweet pepper fruits. Maximum TSS was recorded in fruit of plants where 300 
mg pant 
-1
 calcium carbide was applied along with 0.5 mM SA or 200 mg CaC2 along 
with 0.3 mM SA while minimum value was found in fruits of plants sprayed with 0.5 mM 
SA. Application of alone CaC2 improved TSS in fruits by 7 to 11% compared to fruit 
picked from control plants (plants with alone NPK fertilizers application). However, 
combined application of CaC2 and SA improved TSS in fruit by 11 to 29% compared to 
TSS in fruit picked from plants in control treatment. So, it is suggested that combined 
application of CaC2 and SA is more beneficial to improve TSS in fruit compared to 
application of alone CaC2.  
4.8.1.4.2 Titratable acidity 
Data regarding comparative effect of different rates of SA and PCC on the 
titratable acidity (TA) of sweet pepper fruit is graphically shown by Figure 4.34 and TA 
revealed highly significant differences for rates of CaC2 and SA. Their interaction was 
also found significant. It is obvious from the data that titratable acidity was improved 
with CaC2application. Fruits treated with 300 mg calcium carbide plant
-1
 along with SA 
application demonstrated the best effect on maintaining TA and registered maximum 
value compared to control fruits. Comparison of treatment means also shows that lower 
rate of PCC and SA improved TA content in fruits. Titrable acidity was found to vary 
significantly among treatments receiving different rates of CaC2 and SA. Statistical 
comparison among rates of CaC2 for mean TA values indicated that fruits of plants 
treated with 200 mg CaC2 plant
-1





Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 0.0051 
 
Figure 4.33 Showing variations in total soluble solids (◦Brix) in fruits of sweet pepper 
receiving polyethylene coated calcium carbide with and without foliar 
application of salicylic acid 
 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test. 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 0.01046 
 
Figure 4.34 Showing variations in total titrable acidity (%) in fruits of sweet pepper 
receiving polyethylene coated calcium carbide with and without foliar 
application of salicylic acid 
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4.8.1.4.3 Ascorbic acid 
Effect of alone and combined application of different rates of SA and 
polyethylene coated CaC2 (PCC) on ascorbic acid (Vitamin C) content of sweet pepper 
fruit (Figure 4.35) revealed that fruits treated with CaC2 at lower rates maintained higher 
ascorbic acid contents as compared to control. Calcium carbide treated plants at the rate 
of 200 mg per plant demonstrated the best effect on maintaining ascorbic acid in fruits 
and registered maximum value compared to control fruits. Comparison of treatment 
means also shows that higher rate of CaC2 increased ascorbic acid in the fruit juice. 
4.8.1.4.4 Salicylic acid 
Data regarding the comparative effect of calcium carbide and salicylic acid on SA 
contents of sweet pepper fruit is graphically shown by Figure 4.36. It is observed from the 
data that plants treated with CaC2 plus 0.1 mM SA produced fruits with higher contents of 
SA compared to plants having fruits in control (Figure 4.36). Fruit of plants treated with 
only 0.1 mM SA showed the best effect on SA contents in fruits and registered maximum 
value of salicylic acid in fruits compared to the fruit of plants in control. 
4.8.1.5 Economic feasibility 
Economic analyses from the use of polyethylene coated CaC2 and SA was 
performed and data is given in Table 4.32. Data revealed that application of 200 mg plant
-
1
 CaC2 with foliar application of SA performed better and resulted in more profitable and 
economical than application of alone 200 mg plant
-1
 CaC2. Moreover, data also indicated 
that application of 300 mg CaC2 plant
-1 
or 0.5 mM SA application was not found 
economical (Table 4.32). In Table 4.33, the detail of all the expenses occurred is given for 
making economic analyses more meaningful. For evaluating the economic feasibility of 
CaC2 and SA application in alone or different combinations for sweet pepper off-season 
production, benefit-cost ratio and value cost ratio were also calculated which are 
discussed below: 
4.8.1.5.1 Benefit to cost ratio 
Benefit to cost ratio (BCR) is the ratio of total income to total expenses. 
Economists consider a technology acceptable if BCR is ˃1. It was observed that BCR for 
NPK fertilizers was 1.72 but it was increased to 2.29 by the application of 200 mg plant
-1
 





Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 0.00046 
 
Figure 4.35 Showing variations in ascorbic contents (µmol g
-1
) in fruits of sweet pepper 
receiving polyethylene coated calcium carbide with and without foliar 
application of salicylic acid 
 
Cylinders sharing same letter(s) do not differ at p = 0.05 according to LSD test 
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for SA × PCC = 0.0052 
 
Figure 4.36 Showing variations SA concentration (mg g
-1
) in fruits of sweet pepper 
receiving polyethylene coated calcium carbide with and without foliar 
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Data on BCR recommended the combined application of CaC2 and SA because 
any dramatic release of ethylene from applied CaC2 can cause a serious economic loss as 
it was observed in plants treated with 300 mg CaC2 plant
-1
. Here BCR was reduced to 
1.25 compared to 1.72 in control. However, combined use of CaC2 and SA even under an 
excessive release of ethylene from CaC2 was profitable because BCR of plants treated 
with the 300 mg CaC2 plant
-1
 along with foliar application of SA had higher value than 
1.72 which ranged from 1.98 to 2.19 (Table 4.32).  
4.8.1.5.2 Value to cost ratio 
Value to cost ratio (VCR) indicates the return of investments in term of monetary 
values. It indicates possible increase in profit with each incremental unit expended on 
amendment. It is commended that greater the VCR value, more will be a technology 
feasible and cost-effective. Data related to VCR calculated from alone and the combined 
application of different rates of CaC2 and SA for sweet pepper production (Table 4.32) 
revealed that VCR of treatments of lower rates of CaC2 with and without SA in the 
presence of NPK fertilizers was greater than control (alone NPK fertilizers application). 
Results indicated that spending of one rupee on the use of CaC2 based technology gave a 
benefit of Rs. 39 to 65.However, this benefit reached to 156 on the use of 200 mg CaC2 
plant
-1
 along with foliar application of 0.1 mM SA. Although, application of 200 mg 
plant
-1
 without SA seemed to be profitable but yet foliar application of SA is necessary to 
avoid any loss in yield due to abrupt release of C2H4 from CaC2 because there was great 
reduction on VCR due to excessive release of C2H4 from the application of 300 mg CaC2 
per plant. However, VCR value showed an upsurge (46 to 77) over that of control (39) 
when 300 mg CaC2per plant was applied along with foliar application of SA in the 
presence of NPK fertilizers. Although, application of polyethylene coated CaC2 fetched 
additional income, yet this income by the use of CaC2 can‟t be taken granted due to 
unexpected environmental variations and dramatic release of ethylene from the CaC2 in 
the case of failure of coating materials on CaC2. Therefore, our findings recommended 
use of calcium carbide along with foliar applications of SA for an ensured profit and 










Table 4.32 Economic analyses calculated from the use of polyethylene coated calcium carbide with and without salicylic acid as a non-
conventional approach to increase yield of sweet pepper cv. Yolo Wonder F-1 grown in walk-in-tunnel (high tunnel) 
Treatments 
Cost occurred (Rs ha
-1



























NPK 440,490 - 440490 1.353 18943
*
 757736 fg 317246 fg 1.72 fg - 
PCC 
100 440,490 1025 441515 1.426 19958 798329 d-g 356814 d-g 1.81 d-g 39 b-e 
200 440,490 2050 442540 1.595 22326 893046 b-d 450506 b-d 2.02 b-d 65 a-d 
300 440,490 4100 444590 0.991 13869 554771 h 110181 h 1.25 h -50 ef 
SA 
0.1 440,490 508 440998 1.474 20635 825391 c-f 384393 c-f 1.87 c-f 132 ab 
0.3 440,490 524 441014 1.281 17929 717143 g 276129 g 1.63 g -78 f 
0.5 440,490 540 441030 0.749 10487 419461 i -21569 i
**
 0.95 i -627 g 
100 
0.1 440,490 1533 442023 1.740 24356 974232 ab 532209 ab 2.20 ab 140 ab 
0.3 440,490 2558 443048 1.426 19958 798329 d-g 355281 e-g 1.80 e-g 14 c-f 
0.5 440,490 4608 445098 1.039 14546 581833 h 136735 h 1.31 h -39 df 
200 
0.1 440,490 1549 442039 1.788 25032 1001294 a 559255 a 2.27 a 156 a 
0.3 440,490 2574 443064 1.812 25371 1014825 a 571761 a 2.29 a 100 a-c 
0.5 440,490 4624 445114 1.401 19620 784798 e-g 339684 fg 1.76 fg 5 c-f 
300 
0.1 440,490 1565 442055 1.571 21988 879515 b-e 437460 b-e 1.98 b-e 77 a-c 
0.3 440,490 2590 443080 1.643 23003 920108 a-c 477028 a-c 2.08 a-c 62 a-d 
0.5 440,490 4640 445130 1.740 24356 974232 ab 529102 ab 2.19 ab 46 b-e 
*
product of per plant yield and 140000 plants per acre, 
**
sum of chemical cost, formulation cost and treatment application cost, 
***
loss  
SA = Salicylic acid, PCC = Polyethylene coated CaC2 
LSD value for total income = 95071, LSD value for BCR = 0.2135, LSD value for VCR = 109.16  
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Table 4.33 Overview of fixed cost for sweet pepper grown in high tunnel (walk-in-
tunnel) 
Sr. No. Detail Rs. acre
-1
 
1 Cost of seed bed preparation  12,500 
2 Total cost of mechanical hoeing  1,750 
3 Fertilizers cost  41100 
4 Pesticide cost 40000 
5 Plastic sheet (white) 201,250 
6 Plastic mulch 25,200 
7 Irrigation charges 4500 
8 Sweet pepper plant cost 25200 
9 Cost of permanent Labor  72000 
10 Wages for picking fruits 16500 
11 Cost of bags  490 







Application of calcium carbide induced significant improvements in physiological 
and morphological parameters of sweet pepper cv. Yolo Wonder F-1 grown under tunnel.  
These improvements were due to physiological role of ethylene in plants. Ethylene is 
responsible for the induction of early reproductive growth and ripening of fruits processes 
such as fruit color, total soluble solids, total titrable acidity etc. (Siddiq et al., 2012; 
Yaseen et al., 2012). That is why, plants treated with CaC2 showed early flowering and 
fruiting with higher fruits yield per plant compared to that of control. Reduction in 
different growth and yield parameters in plants treated with 300 mg CaC2per plant might 
be due to injurious effects of ethylene as ethylene above biologically active concentration 
retards growth and accelerates leaf, flower and fruit senescence by stimulating 
phenylpropanoid metabolism along with loss of chlorophyll contest. That is why; plants 
treated with 300 mg CaC2 without SA application showed poor photosynthetic activity, 
nutrient use efficiency, antioxidant activity and growth than those plants where either 100 
or 200 mg CaC2 was applied without SA. These facts suggest that excessive release of 
ethylene from CaC2 can impede physiological processes such as photosynthetic 
parameters, antioxidant activities, fruiting and flowering and finally yield of vegetables. 
As, it can happen due to any extreme fluctuation in environment even from CaC2 applied 
at optimum rate, therefore, without controlling release of ethylene from CaC2, the use of 
CaC2 dependent ethylene cannot be of more productive under the problematic soils 
(Arshad and Frankenberger, 2002). Results also indicated that plants treated with CaC2 
and SA showed remarkable improvements in physiological and morphological 
parameters. It was observed that foliar application of SA on the plants treated with 300 
mg CaC2 mitigated the injurious effects induced by application of alone 300 mg CaC2 
plant
-1
. These changes in growth and yield of sweet pepper plants treated with 300 mg 
CaC2 and SA might be due to prominent physiological role of SA. Salicylic acid is known 
as a stress releasing hormone as it signals for the activation of stress protein and enables 
plants to face the stress. Salicylic acid signals for the synthesis of antioxidant enzyme in 
the plants that catalyze the ROS and other destructive substances into harmless substances 
and protects plants from abiotic stress. That is why; plants treated with both SA and CaC2 




It can be concluded from the results that polyethylene coated CaC2 at the rate of 
200 mg plant
-1
 with and without foliar application of 0.1 or 0.3 mM SA can be used to 
appropriate formulation for improving growth and yield of sweet pepper under field 
conditions. Moreover, use of SA along with CaC2 can make CaC2 more fruitful non-




4.9 Experiment 9 
Evaluation of effects of calcium carbide and salicylic acid on growth and yield 
of sweet pepper grown on a progressive farmer’s field 
4.9.1 Results 
In this field study, comparative effect of four rates of polyethylene coated calcium 
carbide (PCC) and four rates of SA was investigated on the growth and yield of sweet 
pepper cv. Yolo Wonder F-1 grown on a progress farmer‟s field. Results obtained from 
the study revealed that alone and combined application of different rates of PCC and SA 
significantly affected growth and yield of sweet pepper. The details on pre and post-
harvest growth and yield parameters recorded growth and maturity of crop are given 
below:  
4.9.1.1 Pre-harvest growth related parameters 
4.9.1.1.1 Photosynthetic activity parameters  
Photosynthesis is the main driving force for carbon gain and crop productivity. 
Experimental data regarding the comparative effect of various levels of SA and CaC2 
(Table 4.34) is evident that application of CaC2 or SA or both had a pronounced effect on 
the photosynthetic activity like net photosynthesis rate (PN), carboxylation efficiency 
(CE) as the ratio of photosynthesis to intercellular CO2 concentration, photosynthetic 
water use efficiency (PNWUE) as the ratio of photosynthesis to transpiration rate and 
plant water use efficiency (PWUE) as the ratio of plant dry mass to transpiration. Overall, 
improvement in photosynthetic activity of plants was recorded in treatments where CaC2 
or SA was applied at lower rate or both, SA and CaC2 were applied together along with 
NPK fertilizers compared to that treatment receiving NPK fertilizers alone (Table 4.34). 
These higher values for photosynthetic activity might be due to more vegetative growth 
with broader leaves resulting from more production of photosynthates and nutrients 
uptake in plants treated with CaC2 or SA or both. The maximum increase in PN was 
recorded in the treatment of 200 mg plant
-1
 CaC2 + 0 mM SA + NPK, followed by in the 
treatment of 100 mg plant
-1
 CaC2 + 0.1 mM SA + NPK while minimum PN was observed 
in those plants receiving only NPK fertilizers. Similarly, the greatest upsurge in CE and 
PWUE was also noted in the treatment of 200 mg CaC2 + 0.3 mM SA + NPK. So these 
two parameters followed the pattern of PN. Same trend was also observed for minimal 
values of PWUE and CE as was noted for PN. Maximum photosynthetic water use 




Table 4.34 Comparative effect of calcium carbide and salicylic acid on photosynthetic activity related parameters in sweet pepper cv. 
Yolo Wonder F-1 grown on a progressive farmer‟s field (walk in tunnel) conditions (each value is mean of four 
replications.) 




































 1.3 h 54 h 0.034 h 1.535 h 1.53 h 23.9 h 
Control
**





20.6 a-c 763 b-e 0.280 b-e 5.507 c-e 5.51 c-e 69.1 f 
200
**
 21.6 a 677 e-g 0.331 bc 7.183 a 7.18 a 74.8 cd 
300
**




 20.7 a-c 884 a-c 0.237 de 5.363 c-e 5.36 c-e 71.6 d-f 
0.3
**
 19.5 a-d 709 ef 0.288 b-e 5.000 de 5.00 de 69.6 ef 
0.5
**







21.0 ab 883 a-d 0.267 c-e 6.490 ab 6.49 ab 77.4 bc 
200
**
 18.1 c-f 912 ab 0.239 de 5.514 c-e 5.51 c-e 73.8 c-e 
300
**







17.1 d-g 729 c-f 0.316 b-d 5.601 cd 5.60 cd 74.2 cd 
200
**
 18.5 b-f 683 ef 0.366 a 7.223 a 7.22 a 82.4 a 
300
**







17.0 d-g 721 d-f 0.282 b-e 5.463 c-e 5.46 c-e 79.4 ab 
200
**
 19.0 a-e 791 b-e 0.283 b-e 5.807 bc 5.81 b c 74.1 cd 
300
**
 19.9 a-c 966 a 0.248 c-e 5.879 bc 5.88 bc 82.1 a 
LSD 2.6333 161.83 0.0908 0.7991 0.7990 4.4039 
Mean values sharing same letter(s) in each column do not differ from one another at p = 0.05 according to LSD test.  
*
 Without NPK fertilizers, 
**
 With NPK fertilizers, PN =Net photosynthetic rate, E = Transpiration rate,   
PN WUE=Photosynthetic water use efficiency, PWUE=Plant water use efficiency, CE = Carboxylic use efficiency. SA = Salicylic acid 
Note: data related to photosynthetic parameters was collected after 50 days of transplanting nursery into field 
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This finding highlighted synergetic effect of application of SA and CaC2 together for each 
other because similar effects was also observed in all those plants which were treated with 
both SA and CaC2, in all other treatment. However, it was found that this effect was 
associated with either SA concentration or CaC2 rate. At high rates of CaC2, application 
of SA in low concentrations showed maximum response and vice versa. The reduction in 
PN of plants treated with 300 mg plant
-1
 CaC2 occurred due to excessive loss of water 
from the plant as ethylene counteracts the functioning of ABA hormone during stomata 
opening or closing. This explanation can be justified from the data related to transpiration 
rate (Figure 4.38). It is quite obvious from Figure 4.38 that transpiration rate (E) in those 
plants was comparatively higher where CaC2 was applied at the highest rates. Similarly, 
low PN in those plants sprayed with 0.5 mM SA was due to anti-transpiration effect of SA 
because a significant reduction in transpiration rate (E) was observed in these plants 
(Figure 4.38). This significant decrease in E and PN on the application of the highest rate 
of SA or CaC2 also significantly affected CE, PNWUE and PWUE (Figures 4.39, 4.40 and 
4.41). As both SA and ethylene counteract ABA hormone activity, therefore, 
improvements in plant photosynthetic activity and water use efficiency was observed on 
the combined application of SA and CaC2.  
Comparative effects of SA and CaC2 on leaf chlorophyll contents measured by a 
portable chlorophyll mater revealed (Figure 4.42) that combined application of SA and 
CaC2 with recommended rates of NPK fertilizers improved chlorophyll contents of plants 
by 5 to 34% compared to that of plants with alone application of NPK fertilizers. The 
improvement in chlorophyll contents was in parallel to that observed in previous field 
experiment. Bird‟s eye view of overall, results on photosynthetic activity suggests that 
combined application of SA and CaC2 could be more fruitful compared to application of 
alone CaC2 or SA. 
4.9.1.1.2 Leaf growth parameters 
Leaf of a plant is called the factory of food production in a plant due to its 
photosynthetic activity. It converts inorganic substances (H2O and CO2) into organic 
photosynthates (e.g. C6H12O6) in the presence of light and chlorophyll contents by 
photosynthesis. More healthy leaves promote plant growth by influencing different 
physiological processes within the plants. So, the study of leaf growth parameters can 
provide some basic foundation for the explanation of changes in morphological and 




C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 2.633) 
 
Figure 4.37 Comparative effects of calcium carbide and salicylic acid on net 




) sweet pepper cv. Yolo Wonder F-1 
grown on progressive farmer‟s field (walk in tunnel) 
 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 161.83) 
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C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 0.7990) 
 
Figure 4.39 Comparative effects of calcium carbide and salicylic acid on carboxylation 
efficiency (µmol mol
-1
) in sweet pepper cv. Yolo Wonder F-1 grown on 
progressive farmer‟s field (walk in tunnel) 
 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 0.0908) 
 
Figure 4.40 Comparative effects of calcium carbide and salicylic acid on photosynthetic 
water use efficiency (µmol mmol
-1
) in sweet pepper cv. Yolo Wonder F-1 
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C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 0.7991) 
 
Figure 4.41 Comparative effects of calcium carbide and salicylic acid on plant water use 
efficiency (mg dry weight g
-1
 loss of water) in sweet pepper cv. Yolo 
Wonder F-1 grown on progressive farmer‟s field  (walk in tunnel) 
 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 4.4039) 
 
Figure 4.42 Comparative effects of calcium carbide and salicylic acid on chlorophyll 
contents (SPAD) in sweet pepper cv. Yolo Wonder F-1 grown on 
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Table 4.35 Comparative effect of calcium carbide and salicylic acid on leaf growth 
parameters in sweet pepper cv. Yolo Wonder F-1 grown on progressive 
farmer‟s field (walk in tunnel) (Each value is mean of four replications) 































 1.60 j 0.45 j 1202 h 0.205 h 38.9 a-d 
Control
**





3.44 f 1.67 e 3942 de 0.677 de 33.6 cd 
200
**
 3.53 d 1.75 d 4356 c-e 0.750 c-e 35.4 b-d 
300
**




 3.44 f 1.67 e 4429 c-e 0.762 b-e 37.8 a-d 
0.3
**
 3.31 gh 1.61 f 3515 ef 0.607 ef 31.2 d 
0.5
**







3.74 b 1.87 b 5275 a-c 0.907 a-c 40.1 a-d 
200
**
 3.64 c 1.73 d 5368 ab 0.922 ab 44.3 ab 
300
**







3.67 c 1.81 c 4614 a-d 0.795 a-d 36.3 b-d 
200
**
 3.74 b 1.93 a 5146 a-c 0.890 a-c 38.2 a-d 
300
**







3.51 de 1.54 g 4461 b-d 0.770 b-d 41.4 a-c 
200
**
 3.54 d 1.67 e 4657.a-d 0.802 a-d 39.6 a-d 
300
**
 3.91 a 1.88 b 5499 a 0.950 a 41.8 a-c 
LSD 0.0703 0.0376 933.54 0.1600 8.9992 
Mean values sharing same letter(s) in each column do not differ from one another at P= 0.05 according to 
LSD test. 
*
Without NPK fertilizers, 
**
With NPK fertilizers, LAI=Leaf area index, LAR = Leaf area to plant 




understanding of leaf growth under the influence of alone and combined application of 
CaC2 and SA, data related to leaf area, leaf dry weight, number of leaves per plant and 
plant dry weight was collected and per day increase in leave, LAI (leaf area index) and 
LAR (plant leaf area to plant dry weight ratio) were calculated.  
Variations in leaf growth parameters of sweet pepper cv. Yolo Wonder F-1 as 
influenced by CaC2 and SA application are given in Table 4.35. Data related to per day 
increase in number of leaves plant
-1
 revealed (Figure 4.43) that the rate of leaf growth was 
comparatively higher in plant treated with 0.1 mM SA plus NPK fertilizers or 100 mg 
plant
-1
 CaC2 plus NPK fertilizers compared to alone NPK fertilizers application. But as 
the rate of application of CaC2 or SA increased, the rate of leaf growth decreased, 
however, the plants in the treatment of combined application of 300 mg plant
-1
 CaC2 and 
0.5 mM SA and showed the highest per day increase in leaf growth (Figure 4.43). These 
improvements in rate of leaf growth on the combined application of CaC2 and SA resulted 
in an upsurge of 5 to 113% increase in leaf area per plant compared to that of plants with 
alone NPK fertilizers application. Plants treated with alone SA except 0.5 mM SA, alone 
CaC2 except 300 mg plant
-1
 CaC2 had more leaf area than that of treated with NPK 
fertilizers and control while the combined application of all rates of SA and CaC2 showed 
significant increase in leaf area per plant compared to control (Figure 4.44). Similar trend 
for LAI of plant treated with both SA and CaC2 was also seen. Application of SA or CaC2 
along with NPK fertilizers resulted in 9 to 56% more LAI compared to that of alone NPK 
fertilizers application (Figure 4.45). LAI is the indicator of biomass production in the 
plants. An increase in LAI value means a corresponding increase in plant biomass 
production. When per day increase in plant biomass was calculated (Figure 4.46), it was 
noted that plant with higher LAI had more rate of dry weight production. Similarly, plants 
treated with the lowest rate of alone CaC2 or SA in the presence of NPK fertilizers had 
higher rates of dry weight production compared to that treated with the highest rate of 
alone CaC2 or SA along with NPK fertilizers (Figure 4.46). However, it was noted that all 
rates of SA and CaC2 along with NPK fertilizers caused 13 to 91% increase in rate of 
biomass production compared to alone NPK fertilizers application. Data also revealed 
that combined application of SA and CaC2 with NPK fertilizers particularly 0.5 mM SA 
and 300 mg plant
-1 
CaC2 accelerated growth rate and resulted in a significant increase per 
day increase in dry mass compared to application of alone NPK fertilizers (Figure 4.46). 




C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 0.0703) 
 
Figure 4.43 Comparative effects of calcium carbide and salicylic acid on per day increase 
in number of days in sweet pepper cv. Yolo Wonder F-1 grown on 
progressive farmer‟s field (walk in tunnel) 
 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 933.54) 
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C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 0.1600) 
 
Figure 4.45 Comparative effects of calcium carbide and salicylic acid on leaf area index 
of sweet pepper cv. Yolo Wonder F-1 grown on progressive farmer‟s field 
(walk in tunnel) 
 
 
PDW = Plant dry weight, C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 0.0376) 
 
Figure 4.46 Comparative effects of calcium carbide and salicylic acid on per day increase 
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area for biomass synthesis. Generally it is considered that the plants with higher leaf 
surface area produced more dry weight than plants with less surface area. But LAR 
exactly explains the relationship between plant leaf surface area and plant dry weight 
production. If LAR value is smaller, it means leaves are healthier and working more 
efficiently and vice versa. Data related to LAR revealed that the plants treated with 200 
mg plant
-1
 CaC2 or 0.3 mM SA along NPK fertilizers had smaller value of LAR compared 
to alone NPK fertilizers application (Figure 4.47). All parameters related to leaf growth 
suggested the combined application of CaC2 and SA to fetch more benefits from the 
application of CaC2.  
4.9.1.1.3 Yield parameters 
Comparative effects of calcium carbide and salicylic acid on the some yield 
attributes of sweet pepper cv. Yolo Wonder F-1 are presented in Table 4.36. Data related 
to yield attributes revealed that application of CaC2 alone and along with SA significantly 
affected plant height, number of branches per plant, number of flowers, flower drop 
percentage and fruits per plant.  
Maximum height of plant (47.97 cm) was observed in plants sprayed with 0.1 mM 
SA while minimum height (23.10 cm) was recorded in control plants. In the presence of 
NPK fertilizers, application of alone SA caused about 10 to 20% increase in plant height 
while application of alone CaC2 along with NPK fertilizers induced 7 to 16% reduction in 
plant height over application of alone NPK fertilizers due to classical effect of ethylene as 
ethylene is known to retard vertical growth of plant. Data related to effect of SA and 
CaC2 on the number of branches per plant revealed that treatments of alone CaC2 or 
combined application of CaC2 with SA exhibited more number of branches per plant over 
application of alone SA or NPK fertilizers. It was also observed that more number of 
branches per plant was noted in those plants which showed a significant reduction in plant 
height on the combined application of CaC2 and SA. This reduction was particularly 
observed only in plants treated with CaC2 with or without SA. This might be due to 
ethylene response as ethylene initiates the emergence of more lateral branches by 
inhibiting the vertical growth of plants. It was found that plants treated with CaC2 and SA 
in the presence of NPK fertilizers produced 15 to 38% more branches per plant compared 
to those plants treated with alone NPK fertilizers (Table 4.36).Comparative effects of 
different rates of SA or CaC2 and their different combinations with recommended doses 




LAR = Leaf area to dry weight ratio, 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 8.9992) 
 
Figure 4.47 Comparative effects of calcium carbide and salicylic acid on LAR (leaf area 
to plant dry weight ratio) in sweet pepper cv. Yolo Wonder F-1 grown on 
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Table 4.36 Comparative effect of calcium carbide and salicylic acid on yield attributes of sweet pepper cv. Yolo Wonder F-1 grown on 
progressive farmer‟s field (walk in tunnel) (Each value is mean of four replications) 










































 23.10 k 4.09 e 23.6 d 19.66 k 6.0 h 69.2 b 311 k 424j 40.5 a-c 
Control
**





36.93 f 7.50 cd 22.4 gh 39.00 g 14.3 de 63.3 c-e 905 fg 1232 f 40.9 ab 
200
**
 34.81 h 8.75 ab 20.9 k 41.93 d 16.7 a-c 60.1 e 1007 c 1354 c 39.5 cd 
300
**




 47.97 a 8.00 a-c 23.6 d 39.98 fg 15.5 cd 61.0 de 919 ef 1248 ef 40.5 a-c 
0.3
**
 46.27 b 7.75 bc 23.9 c 37.05 h 12.8 ef 65.2 b-d 854 h 1169 g 41.2 a 
0.5
**







39.89 d 8.50 a-c 23.0 e 45.46 b 15.9 b-d 64.8 b-e 1075 ab 1441 b 39.6 b-d 
200
**
 38.78 e 8.00 a-c 23.1 e 41.73 de 15.5 cd 62.8 c-e 977 cd 1318 cd 39.9 b-d 
300
**







35.85 g 7.75 bc 22.2 i 43.61 c 15.5 cd 64.3 b-e 1050 b 1409 b 39.3 cd 
200
**
 36.89 f 8.75 ab 22.3 hi 47.80 a 18.5 a 61.3 de 1108 a 1488 a 39.5 cd 
300
**







31.86 j 7.75 bc 22.4 gh 40.78 ef 15.8 b-d 61.0 de 875 gh 1181 g 39.6 b-d 
200
**
 34.54 h 8.00 a-c 22.5 g 43.18 c 16.2 b-d 62.3 c-e 953 de 1285 de 39.6 b-d 
300
**
 37.56 f 9.00 a 22.8 f 46.37 b 17.6 ab 61.8 de 1049 b 1404 b 38.9 de 
LSD 0.9473 1.0771 0.1586 1.1464 2.0304 4.9931 38.003 39.626 1.3487 
Mean values sharing same letter(s) in each column do not differ from one another at p = 0.05 according to LSD test.  
*
 Without NPK fertilizers, 
**
 With NPK fertilizers 
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Table 4.36. It is obvious from the data that application of different rates of CaC2 and SA 
affected the onset of reproductive stage, number of flowers and fruits per plant, fruit drop 
significantly. Comparative effect of SA and CaC2 on number of days for flower initiation 
revealed that the number of days taken by first flower appearance was reduced 
significantly in those treatments where CaC2 was applied with or without SA foliar 
application (Figure 4.48). Thus, the plants treated with CaC2 and NPK fertilizers had 
early flowering than plants with application of alone NPK fertilizers with or without SA 
foliar spray (Figure 4.48).   
Comparative effect of SA and CaC2 on number of flowers and fruits per plants 
exposed that alone application of either SA or CaC2 although improved flowering and 
fruiting compared to that of alone NPK application but a significant reduction in number 
of flowers and fruits per plant happened when SA or CaC2 were applied at the highest 
rates along with NPK fertilizers (Figures 4.49 and 4.50). However, this decrease in 
flowers and fruits per plant was disappeared in those plants where high rates of CaC2 and 
SA were applied together along with NPK fertilizers. Results also explored that 
application of SA along with CaC2 in all combinations had a synergetic effect on number 
of flowers and fruits per plant (Table 4.36 and Figures 4.49 and 4.50). All these 
improvement in reproductive growth parameters significantly reduced flower drop 
percentage (Figure 4.51). The minimum flower drop percentage (60%) was recorded in 
plants treated with 200 mg CaC2 + NPK fertilizers which were 11% less than in alone 
NPK treatment (69%) while maximum flower drop percentage (75%) was found in plants 
treated with 0.5 mM SA+ NPK fertilizers. Combined application of SA and CaC2 in the 
presence of NPK fertilizers caused 3 to 9% less flower drop percentage compared to that 
of alone NPK application (Figure 4.51). It can be concluded from these results that the 
effectiveness of CaC2 for prominent increase in yield attributes can be maintained by its 
combined application with SA. 
4.9.1.2 Post-harvest parameters 
4.9.1.2.1 Fruit and biological yield 
Final goal of this field experiment for conducting at farmer‟s field was just to 
demonstrated evaluate the differences in yield of sweet pepper produced by conventional 
and non-conventional methods. Therefore, the production technology followed by 





C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 0.1586) 
 
Figure 4.48 Comparative effects of calcium carbide and salicylic acid on days up to 
flower appearance in sweet pepper cv. Yolo Wonder F-1 grown on 
progressive farmer‟s field (walk in tunnel) 
 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 1.1464) 
 
Figure 4.49 Comparative effects of calcium carbide and salicylic acid on number of 
flowers per plant in sweet pepper cv. Yolo Wonder F-1 grown on 
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C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 2.0304) 
Figure 4.50 Comparative effects of calcium carbide and salicylic acid on number of fruits 
per plant in sweet pepper cv. Yolo Wonder F-1 grown on progressive 
farmer‟s field (walk in tunnel) 
 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 4.9931) 
 
Figure 4.51 Comparative effects of calcium carbide and salicylic acid on flower drop 
percentage (%) in sweet pepper cv. Yolo Wonder F-1 grown on progressive 
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nursery. Fruits from the tagged plants were picked carefully, weighed and returned to the 
farmers for sale. Data regarding comparative effects of different rates of CaC2 and SA on 
fruit yield of sweet pepper cv. Yolo Wonder F-1 is presented in Table 4.36 and Figure 
4.52. Application of CaC2 plus SA along with NPK fertilizers significantly increased fruit 
yield plant
-1
 compared to that of alone NPK fertilizers and control plants (Figure 4.52). 
However, per plant yield data showed a decreasing trend on the application of CaC2 ˃200 
mg plant
-1
 or SA ˃0.1 mM. In SA and CaC2 containing treatments, maximum fruit yield 
(1108 g plant
-1
) was recorded in the treatment of 200 mg PCC + 0.3 mM SA + NPK 
fertilizers while minimum fruit yield (744 g plant
-1
) was noted in 0.5 mM SA sprayed 
plants if we did not consider fruit yield of control plant (311g plant
-1
). Fruits of some 
plants were left unpicked for investigating effect of high rates of CaC2 and SA on the 
ripening of fruits on the plants. It was observed that fruits of plants provided with 300 mg 
CaC2 were ripened early and showed deterioration in fruits quality (Figure 4.54) while 
fruits of plants sprayed with SA remained green with smaller in size. But in the treatment 
of 300 mg CaC2 and SA together, fruits not only changed their colour but also showed 
good quality with better size and greater in number per plant (Figure 4.54). Similar trend 
for biological yield per plant was also observed (Figure 4.53). Results indicated that 
combined application of both SA and CaC2 with NPK fertilizers caused 4 to 37% and 2 to 
42% more fruit yield and biological yield per plant, respectively compared to alone 
application of recommended rates of NPK fertilizers. Similar improvements in harvest 
index were also observed due to the combined application of SA and CaC2 compared to 
alone application of NPK fertilizers (Table 4.36).  
4.9.1.2.2 Nitrogen use efficiency 
One of the objectives of this study was to evaluate the effect of calcium carbide 
and salicylic acid on nitrogen use efficiency (NUE). The increased demand for 
agricultural productivity is greatly influenced by NUE of a production system which is 
about 40%-very low. Since CaC2 has profound effects on nitrification and hence nitrogen 
economy of soil. Therefore, It was speculated that application of CaC2 and SA with NPK 
fertilizers might improve the fruit yield of sweet pepper by improving nutrient 
particularly nitrogen use efficiency. For this purpose, agronomic nitrogen use efficiency 
(ANUE) and nitrogen recovery efficiency (NRE) were calculated. Results given in Figure 
4.55 revealed that application of CaC2 without SA increased NRE from 36.4 to 41.4% 




C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 38.003) 
 
Figure 4.52 Comparative effects of calcium carbide and salicylic acid on fruit yield (g 
plant
-1
) in sweet pepper cv. Yolo Wonder F-1 grown on progressive 
farmer‟s field (walk in tunnel) 
 
 
C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 39.626) 
 
Figure 4.53 Comparative effects of calcium carbide and salicylic acid on biological yield 
(g plant
-1
) in sweet pepper cv. Yolo Wonder F-1 grown on progressive 
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(Left figure shows deterioration of fruit quality with less number of fruits per plant due to application of polyethylene coated CaC2 at higher rate. Middle figure shows 
deterioration of fruit quality with less number of fruits per plant due to foliar application of SA at higher rate. Right figure shows greater number of fruits per plant with 
good fruit quality due to application of higher rate of polyethylene coated CaC2along with foliar application of SA.) 
Figure 4.54Comparative effects of application of CaC2 and SA on fruit growth and yield of sweet pepper grown on a progressive 
farmer‟s field conditions. 





C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 161.83) 
 
Figure 4.55 Comparative effects of calcium carbide and salicylic acid on nitrogen 
recovery efficiency (%) in sweet pepper cv. Yolo Wonder F-1 grown on 

























0 0.1 0.3 0.5 0 0.1 0.3 0.5 0 0.1 0.3 0.5 0 0.1 0.3 0.5



















application of CaC2 at high rate (300 mg plant
-1
).Similarly, maximum NRE calculated in 
the treatment of alone SA was 37.1% but when CaC2 and SA were applied together, NRE 
reached a highest value of 51.5% in the treatment of 200 mg plant
-1
 CaC2 + 0.3 mM SA, 
followed by 45.8% in 100 mg plant
-1
 CaC2 + 0.1 mM SA. Similar trend was observed for 
ANUE (Figure 4.56) in the case of alone and combined application of SA and CaC2. The 
findings of this study had confirmed that coincidence of N supply with rapid crop uptake 
is achievable by combined application of 200 mg plant
-1
 CaC2 and 0.3 mM SA plus 
recommended dose of fertilizer.  
4.9.2 Discussion 
Ethylene plays a very crucial role in the morphology as well as physiology of a 
plant (Alexander and Gierson, 2002; Chang et al., 2003; Seneweera et al., 2003; Steffens 
et al., 2005;Binder, 2008.). Therefore, nearly 5 to 40% improvement in different 
physiological parameters in CaC2 treated plants might be due to physiological role of 
ethylene released from CaC2. Ethylene also plays an effective role in reproductive growth 
and is considered responsible for the induction of early reproductive growth and ripening 
of fruits processes such as fruit color, total soluble solids, total titrable acidity etc. 
(Alexander and Gierson, 2002; Siddiq et al., 2012). That is why, plants treated with CaC2 
had early fruit set, less flower drop percentage and more fruit yield per plants compared 
to that of control. Plants treated with 300 mg plant
-1
 CaC2 showed poor physiological 
activities that might be due to detrimental effects of excessively released ethylene from 
300 mg CaC2per plant because when ethylene concentration becomes more than the 
biologically active concentration; it accelerates leaf, flower and fruit senescence and 
stimulates phenylpropanoid metabolism and loss of chlorophyll contest. That is why, 
plants treated with 300 mg CaC2 had comparatively less photosynthetic activity (Figure 
4.30) than those treated with either 100 or 200 mg CaC2. It suggest that any drastic 
increase in acetylene release from the CaC2 even from low rates can negatively affect 
physiological process such as photosynthetic parameters, antioxidant activities, fruiting 
and flowering and finally yield of vegetables. Therefore, controlled release of acetylene 
from CaC2 can be of great concerned that cannot be governed in the soil due to a lot of 
variations in the soil and microbial activity. Without controlling acetylene from CaC2, the 
use of CaC2 dependent ethylene cannot be of more productive under the problematic soils 




C = Control (without any amendment), PCC = Polyethylene coated CaC2 
0.1, 0.3 and 0.5 are concentration of SA in mM. All treatments except control contained NPK fertilizers. 
Bars sharing same letter(s) do not differ at p = 0.05 according to LSD test (LSD value = 161.83) 
 
Figure 4.56 Comparative effects of calcium carbide and salicylic acid on agronomic 
nitrogen use efficiency (g yield g
-1
 N applied) in sweet pepper cv. Yolo 
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et al. (2012), Ahmad et al. (2012) and Siddiq et al. (2012) have reported loss in yields 
due to the application of  extreme levels of CaC2. Results related to physiological and 
morphological parameters revealed that foliar application of SA on the plants treated with 
300 mg CaC2 showed a significant improvement in all parameters compared to that of 
alone 300 mg plant
-1
 CaC2. The increase in growth and yield of sweet pepper plants 
treated with 300 mg CaC2 and SA was due to prominent physiological role of SA. SA is 
known as a stress releasing hormone as it signals for the activation of stress protein and 
enables plants to face the stress. Usually, SA enhanced the antioxidant enzyme activities 
of plants that catalyze the ROS and other destructive substances into harmless substances. 
That is why; plants treated with both SA and CaC2 showed a significant improvement in 
all physiological as well as morphological activities. These improvements on the 
combined application of SA and CaC2 might be due to SA as SA suppresses biosynthesis 
of C2H4 either due to inhibition of ethylene forming enzyme (Mattoo and Suttle, 1991; 
Yang and Hoffman, 1984) or increasing polyamine contents (Freschi, 2013), supermidine 
and spermine (Roustan et al., 1990; Nemeth et al., 2002). Moreover, these improvements 
might be due to antioxidant nature of SA (Hatamzadeh et al., 2012) because exogenous 
application of SA has been reported to influence a range of diverse processes in plants, 
including stomatal closure, ion uptake and transport (Gunes et al., 2005), membrane 
permeability (Barkosky and Einhellig, 1993) and photosynthetic and growth rate (Khan et 
al., 2003). Therefore, it can be suggested that increase in the physiological parameters 
was outcome of SA induced upsurges in antioxidant activities (Chen et al., 1993; Asadi et 
al., 2013; Agostini et al., 2013; Khamseh et al., 2013; Baninasab and Baghbanha, 2013 
and Naderi et al., 2013). Several researchers have already reported that SA delayed 
senescence for avoiding great losses of fruit and yield annually due to senescence 
(Hatamzadeh et al., 2012). These findings had also been confirmed since last century by 
Yang and Hoffman (1984), Roustan et al. (1990), Mattoo and Suttle (1991), Fan et al. 
(1998) and Leslie and Romani (1988).  
4.9.3 Conclusion 
Form the above discussion and results obtained, it can be concluded that 
application of CaC2and SA is more productive and beneficial when both are applied 
together for improving yield of sweet pepper. In the light of results on morphological 
parameters (more number of flowering clusters, total biomass and total fruit yield), 
physical and compositional parameters (TSS, ascorbic acid and salicylic acid) of all trials, 
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it can be found out that the application of polyethylene coated CaC2 at the rate of 200 mg 
plant
-1
 with and without foliar application of 0.1 or 0.3 mM SA was emerged as the 
appropriate formulation for sweet pepper crop under field conditions. Results also 
suggested that the reduction in growth due to drastic release of CaC2 dependent C2H4 as 
consequences of over dose or rupturing of coating materials can be handled and safe and 







 Vegetables have attained very important and pivotal place in the food stuff as well 
as in the food security. In Pakistan, farmers of small holdings have an excellent 
opportunity to grow a variety of vegetables, throughout the year due to climatic diversity. 
Sweet pepper (Capsicum annuum L.) is one of the highly remunerative vegetable 
cultivated in most parts of the world. Currently, it occupies a unique place among 
vegetables because of its delicate taste and pleasant flavor coupled with rich content of 
ascorbic acid and other vitamin and minerals. The average yield of pepper in Pakistan is 
very low i.e. 2.7 t ha
-1
, much lower than other developing countries. Even after the use of 
improved production technology, judicious use of fertilizers and selection of high 
yielding cultivars, still there is a wide gap between potential yield and farmer‟s obtained 
yield. This gap is widening with the passage of time. This gap can be narrow down by the 
use of non-conventional ways of crop production. Among non-conventional approaches, 
the use of phytohormones is getting popularity in modern agriculture. Potent 
phytohormones are playing excellent role in the modern agriculture. Although, studies of 
studies of their interactive physiological and morphological roles in plant growth and 
yield promotion, some phytohormones can be used to narrow down gap between potential 
and obtained yield of sweet pepper. 
Among different phytohormones, ethylene (C2H4) is of great concerned as it plays 
a very crucial role in morphology as well as physiology of a plant. The exogenous sources 
of ethylene can be used for the benefit of agricultural production if employed carefully by 
keeping in view the specific hormone-plant response and interactions. However, gaseous 
nature and difficulty in direct application of C2H4 to soil in the field has made its use 
limited for improving agricultural production. After the development of ethylene 
releasing products such as reptrol, ethrel, ethephon and coated calcium carbide (CaC2) by 
the scientists, its exogenous use for agriculture productivity has got popularity. By the use 
of these products about 30 to 70% increases in yields of crops particularly of vegetables 
have been reported.   
Calcium carbide has emerged as a very good source of acetylene which upon its 
reduction is converted to ethylene by micro biota in the soil. It has been proven that 
maintenance of C2H4 at its biologically active concentration is compulsory for optimum 
growth and yields of crops as its physiological role in different aspects of plant growth 
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and development cannot be denied. Past and recent studies have compelled to use 
exogenous C2H4 for better crop productivity. But, due to unexpected environmental 
changes, it is requisite to limit or inhibit endogenous C2H4 biosynthesis or maintain C2H4 
at biologically active concentration for making exogenous C2H4 more lucrative for 
agriculture. The issue of exogenous ethylene along with endogenous ethylene inhibitors 
can be sorted out to make the use of CaC2 more effective, productive and profitable. 
Additionally, the use of CaC2 in problematic soils can also be made possible. Therefore, 
we conducted a series of studies in this respect to make appropriate use of CaC2 and 
salicylic acid (C2H4 inhibitor) to narrow down the gap between potential yields and 
obtained yield of sweet pepper as consequences of improvements in different 
physiological and morphological characteristics of sweet pepper.  
Comparative effect of CaC2 and SA in alone and combination on seed germination 
and seedling vigor was evaluated by three laboratory experiments. During first two 
laboratory experiments, optimum dose of CaC2and SA for improving seed germination 
percentage and different seedling growth maters was investigated. It was observed that 
CaC2up to 16 mg plate
-1 
was effective to break seed dormancy and improved seedling 
growth, however, application of CaC2 ˃16 mg plate
-1
 showed detrimental effect of 
ethylene on seed germination and seedling vigor. For evaluating the effect of SA on seed 
germination, seeds were primed with different millimolar solution of SA. Results 
indicated that 0.3 mM SA was the most effective concentration for improving seed 
germination and seedling vigor. Both studies also indicated that application of CaC2 or 
SA at optimum dose reduced the time taken by seeds to geminate and thus to enhance 
germination rate. In final study, it was investigated that whether effect of high dose of 
CaC2 on seed germination can be alleviated by the application of SA or not. All 
conditions were kept constant. It was observed that ethylene concentration ˃2.81 nmol 
but ˂17.34 nmol is a physiologically active concentration in order to breaking seed 
dormancy of sweet pepper because there was an increase in germination percentage over 
control with increasing rate of CaC2up to 16 mg. Therefore, the reduction in germination 
was occurred on the application of rates of CaC2 ˃16 mg due to increase in ethylene 
concentration ˃17.34 nmol. In the case of combined application of CaC2 and SA, increase 
in seed germination rate was observed either due to increase or decrease in release of 
ethylene in seedlings on the application of SA. On combined application of SA and CaC2, 
there was a significant decrease in ethylene concentration from seedling due to increase in 
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SA contents in seedlings. Finally, it was concluded that SA application enhanced the 
efficiency of CaC2 dependent ethylene for breaking seeds dormancy and improving 
seedling growth parameters because SA inhibited ethylene biosynthesis and protected 
seedlings from the ill effects of ethylene.  
In addition to these three laboratory experiments on seed germination and seedling 
vigor, another experiment was also conducted for the selection of best coating material on 
calcium carbide for pot trials on the basis of inhibition of oxidation of ammonium. 
Results revealed that application of different CaC2 formulations inhibited conversion of 
ammonium (NH4
+
) into nitrate (NO3
-
) by 5 to 92% over control treatment. Data indicated 
that effect of polyethylene coating on was statistically maximum CaC2 for the retention of 
NH4
+
 in soil and it was followed by paint. Therefore, polyethylene and paint were 
declared as the most effective coating materials for coating CaC2 in order to prolong 
NH4
+
 existence in soil and to improve nitrogen use efficiency.  
Three pot trials were conducted to compare the effects of CaC2and SA on the 
growth and yield of sweet pepper cv. Yolo Wonder F-1. In first pot trial, effect of 
different rates of CaC2 with two coating materials (polyethylene and paint) was 
investigated on the yield and growth of sweet pepper cv. Yolo Wonder F-1. Results 
revealed that application of CaC2up to 20 mg kg
-1
 soil (200 mg pot
-1
) improved growth, 
nitrogen use efficiency and yield of sweet pepper but application of CaC2 higher than 20 
mg kg
-1
 soil (200 mg pot
-1
) was not productive and beneficial while polyethylene coated 
CaC2 was found better than paint to coat CaC2. In second pot trial, differential response of 
two cultivars of sweet pepper cv. Yolo Wonder F-1 and Royal Wonder F-1 in terms of 
growth, physiology and yield due to foliar application of SA was studied. Results 
revealed that foliar application of SA up to 0.2 mM improved chlorophyll contents, 
photosynthetic activity, SOD activity, total soluble sugars, LAI, yield attributes and yield 
of sweet pepper. So, it was concluded that foliar application of SA at 0.2 mM 
concentration was found more productive and beneficial as it induced maximum 
improvement in different physiological parameters and fruit yield.  
  The reduction in growth and yield due to excessive release of CaC2 dependent C2H4 
have been reported in tomatoes, cucumber, okra and other vegetables. But none of the 
researchers had unveiled whether this effect was either due to over dose of exogenous 
ethylene or more biosynthesis of ethylene within the plants. Therefore, third pot trial was 
planned to investigate the effect of CaC2 dependent released ethylene in the presence and 
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absence of salicylic acid (a distinguished inhibitor of ethylene biosynthesis) on some 
physiological and morphological parameters of sweet pepper. As the effect of C2H4and 
SA on different physiological parameters, enzymes and antioxidant activities are more 
prominent under stress conditions; therefore, for better understanding of comparative 
effects of CaC2 dependent released C2H4and SA on physiological and morphological 
parameters of sweet pepper, saline water was used for irrigating plants instead of normal 
quality canal water. Results revealed that the injurious effects of high doses of CaC2 on 
plant physiology were overwhelmed by the foliar application of SA. Results suggest that 
combined application of SA and CaC2 alleviated the injurious effects of C2H4 on plant 
growth due to a significant decrease in lipid peroxidation with significant increase in 
antioxidant activities such as SOD and POD activities. 
In the light of research obtained from pot trials, two field experiments were 
conducted at different locations for evaluating the effectiveness of calcium carbide and 
salicylic acid for improving growth and yield potential of sweet pepper. Relative 
improvements in different physiological parameters due to alone application of 100 and 
200 mg plant
-1
 CaC2showed beneficial effects on growth and yield of sweet pepper but 
plants receiving 300 mg plant
-1
 CaC2 showed reverse of all the physiological activities 
that might be due to detrimental effects of excessive released of ethylene from CaC2when 
applied at higher rates. However, foliar application of SA on the plants treated with 300 
mg CaC2 mitigated the side effects of C2H4 and showed a significant improvement in 
most of physiological parameters compared to that of application of alone 300 mg plant
-1
 
CaC2. These results provide guidance that application of CaC2and SA in combination 
could be proved more productive and beneficial to improve growth and yield of sweet 
pepper.  
 Calcium carbide application also significantly improved physical and chemical 
quality parameters of sweet pepper fruit. Parameters like skin colour, fruit firmness, 
titratable acidity, TSS, ascorbic acid and salicylic acid contents were found better in 
the fruits of plants treated with CaC2 compared to fruits of untreated plants. Fruit 
firmness was found relatively better at low rates than at higher rates of CaC2 application. 
Increase in ascorbic acid and salicylic acid contents were observed with treatment of 200 
mg plant
-1
 CaC2. However, reduction in fruit quality parameters due to excessive release 
of ethylene in the treatments receiving high rates CaC2 was found recovered in the 
treatments receiving combined application of CaC2 and SA.  
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Economic analysis showed that application of 200 mg plant
-1
 CaC2 with SA was 
found more profitable and economical compared to application of alone 200 mg plant
-1
 
CaC2. Moreover, application of 300 mg CaC2 plant
-1 
or 0.5 mM SA application was not 
found economical, however, both rates were found only profitable and economical when 
they are applied in combination.  
Concluding remarks 
 Results obtained from all experiments indicate that sweet pepper crop responded 
well to soil applied calcium carbide in the root zone and foliar application of SA. Early 
root growth stimulation by the application of CaC2 or SA fetched more nutrients from soil 
which in turn resulted in early flowering, plant expansion and healthy fruit formation and 
improved nitrogen use efficiency. All these factors contributed directly or indirectly to 
increase the yield. In the nutshell, application of CaC2 at appreciate rate effectively 
improved the fruit yield of sweet pepper as well as its quality parameters. In the light of 
results on morphological parameters (more number of flowering clusters, total biomass 
and total fruit yield), physical and compositional parameters (TSS, ascorbic acid and 
salicylic acid) of all trials, it can be found out that the application of polyethylene coated 
CaC2 at the rate of 200 mg plant
-1
 with and without foliar application of 0.1 or 0.3 mM 
SA was emerged as the appropriate formulation for sweet pepper crop under field 
conditions. Results also suggested that the reduction in growth due to drastic release of 
CaC2 dependent C2H4 as consequences of over dose or rupturing of coating materials can 
be handled and safe and profitable by application of SA along with the application of 
CaC2.  
Future directions 
 This work demonstrates that application of CaC2 and SA to sweet pepper had a 
synergistic effect between them. So, SA and polyethylene coated CaC2 can be used 
successfully in different combinations to increase yield and quality of sweet pepper with 
recommended doses of NPK fertilizers or even with farmer‟s applied fertilizers. 
Preservation of agricultural products before marketing is another area in which the 
findings of this project can be used effectively for planning projects on this aspect in 
future. This will affect the farmer in terms of financial gain. Another judicial and 
economical viable combined use of CaC2 and SA could be flowering in other horticultural 
crops during unseasonal periods or under climatic change scenario.  This PhD research 
project opens a gateway to: 
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o Explore the potential of CaC2 and SA for further studies to find its effectiveness in 
other horticultural, agronomic and ornamental crops. 
o Develop SA based formulations for reducing loss in crop productivity resulted 
from salinity and/or other stresses. 
o Investigate interaction of CaC2 based ethylene with some other phytohormones 
particularly as abscisic acid, auxin, gibberellic acid and cytokinin. 
o Investigate the response of plants to coated CaC2 and SA in the presence ACC 
deaminase. 
o Compare the potential of ACC deaminase activity in the presence of CaC2 and SA 
for making CaC2 more economical for farmers.  
o Explore the interaction between nitrification inhibitors and stress hormones for 
non-conventional farming of horticultural crops  
o Evaluate the effectiveness of CaC2 in the presence of stress hormones and 
phytohormones for improving quality of perishable horticultural products.  
The results of this project are also creating thrust to explore and research 
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4.7- Experiment 7 
Comparative effect of calcium carbide dependent released ethylene and salicylic acid on morphological and physiological 
parameters and yield of sweet pepper under salinity stress conditions 
 
Appendix 1a Variations in different morphological parameters and physiological parameters as influenced by ethylene released from low 
and high rates of calcium carbide with and without salicylic acid application under salinity stress conditions (each value is 















































0 38.98 C 389.4 C 0.135  C 0.416 B 4.418 C 1.267 C 0.279 C 9.58 C 
10 42.79 B 425.7 B 0.147  B 0.368 C 4.850 B 1.398 B 0.304 B 10.53 B 
20 45.38 A 452.8 A 0.154  A 0.362 D 5.169 A 1.494 A 0.320 A 11.18 A 
30 36.39 D 361.2 D 0.127 D 0.429 A 4.097 D 1.179 D 0.261D 8.93 D 
LSD value 0.1927 1.2741 0.000165 0.000277 0.0167 0.00525 0.00189 0.0310 
SA 
0 36.84 D 366.1 D 0.129 D 0.397 B 4.148 D 1.192 D 0.265 D 9.05 D 
0.1 40.62 C 404.4 C 0.140 C 0.389 C 4.595 C 1.325 C 0.289 C 9.98 C 
0.3 43.75 A 436.4 A 0.150 A 0.385 D 4.983 A 1.439 A 0.309 A 10.79 A 
0.5 42.32 B 422.3 B 0.145 B 0.406 A 4.808 B 1.382 B 0.300 B 10.40 B 
LSD value 0.1927 1.2741 0.000165 0.000277 0.0167 0.00525 0.00189 0.0310 












Appendix 1b Variations in different morphological parameters and physiological parameters as influenced by ethylene released 
from low and high rates of calcium carbide with and without salicylic acid application under salinity stress conditions 
(each value is mean of 8 plants with and without recommended doses of NPK fertilizers.) 
Interaction 














































0 37.80 h 378.3 k 0.133 k 0.394 f 4.289 k 1.234 j 0.274 i 9.35 l 
10 40.66 e 403.9 h 0.141 i 0.379 i 4.591 h 1.322 gh 0.288 gh 9.98 i 
20 40.94 e 407.0 g 0.141 h 0.373 j 4.626 g 1.333 g 0.292 fg 10.06 h 
30 27.96 k 275.1 n 0.101n 0.442 b 3.086 n 0.881 m 0.207 l 6.81 o 
0.1 
0 39.68 g 394.7 j 0.138 j 0.386 g 4.503 j 1.297 i 0.285 h 9.79 k 
10 44.22 b 440.6 d 0.150 d 0.372 k 4.975 d 1.436 d 0.312 c 10.79 d 
20 42.98 c 427.9 e 0.148 e 0.365 m 4.871 e 1.405 e 0.305 d 10.57 e 
30 35.63 j 354.3 m 0.123 m 0.433 c 4.028 m 1.161l 0.253 k 8.75 n 
0.3 
0 41.65 d 415.1 f 0.143 g 0.382 h 4.697 f 1.354 f 0.2933 f 10.20 g 
10 44.53 b 443.6 c 0.153 c 0.368 l 5.106 c 1.474 c 0.317 b 11.06 c 
20 48.65 a 486.6 b 0.164 b 0.361 n 5.571 b 1.613 b 0.340 a 12.01 b 
30 40.19 f 400.2 i 0.138 j 0.428 d 4.556 i 1.314 h 0.285 h 9.88 j 
0.5 
0 36.82 i 369.6 l 0.128 l 0.501 a 4.180 l 1.184 k 0.263 j 8.98 m 
10 41.75 d 414.8 f 0.145 f 0.357 o 4.726 f 1.361 f 0.298 e 10.28 f 
20 48.95 a 489.7 a 0.165 a 0.350 p 5.607 a 1.624 a 0.342 a 12.08 a 
30 41.80 d 415.3 f 0.145 f 0.415 e 4.717 f 1.358 f 0.298 e 10.26 fg 
LSD value 0.3853 2.5481 0.000332 0.000554 0.0334 0.0105 0.00378 0.0620 
Values sharing same letter(s) in each column do not differ at p = 0.05 according to LSD test. 
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